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SAFEN1NG IMIDAZOLINONE HERBICIDES 



FIELD OF THE INVENTION 

The field of the invention contemplated herein pertains to the safening of herbicidal compounds with anti- 
5 dotal or safener compounds. Particular herbicides involved are imidazolinone compounds with or without co- 
herbicidal compounds, e.g., a-haioacetanilides. 

BACKGROUND OF THE INVENTION 

w Many herbicides injure crop plants at herbicide application rates necessary to control weed growth. Accord- 

ingly, many herbicides cannot be used for controlling weeds in the presence of certain crops. Uncontrolled weed 
growth, however, results in lower crop yield and reduced crop quality inasmuch as weeds compete with crops 
for light, water and soil nutrients. Reduction of herbicidal injury to crops without an unacceptable corresponding 
reduction of herbicidal action on the weeds can be accomplished by use of crop protectants known as herbicide 

15 "antagonists", "antidotes" or "safeners". 

Weed control for crops, especially com crops, is one of the oldest and most highly developed areas in weed 
science. For a herbicide product to be accepted commercially for com crops, such herbicide product must pro- 
vide a relatively high level of control of both grassy and broadleaf weeds in com, in addition to meeting several 
other criteria. For example, the herbicide should possess relatively high unit activity so that lower rates of her- 

20 bicide application are feasible. Lower application rates are desirable in order to minimize exposure of the envi- 
ronment to the herbicide. At the same time, such herbicide must be selective in herbicidal effect so as not to 
injure the crops. Herbicidal selectivity can be enhanced by use of an appropriate antidote in combination with 
the herbicide. But identification of an antidote which safens a herbicide in crops Is a highly complicated task. 
Whether a compound or class of compounds provides efficacious antidote or safening activity is not a theoreti- 

25 cal determination but must be done empirically. Safening activity is determined empirically by observing the 
complex interaction of several biological and chemical factors, namely : the type of herbicide compound ; the 
type of weed to be controlled ; the type of crop to be protected from weed competition and herbicidal injury ; 
and the antidote compound itself. Moreover, the herbicide and antidote must each possess chemical and physi- 
cal properties enabling preparation of a stable formulation which is environmentally safe and easy to apply to 

30 the field. 

Among the various classes of compounds found to be suitable for various herbicidal purposes are the a- 
haloacetanilides and imidazolinones. The former herbicides, e.g., alachlor, acetochlor, metolachlor, etc., are 
excellent preemergence or early post emergence herbicides for controlling annual grasses and many broad- 
leaved weeds in com, peanuts, soybeans and other crops, while some of the latter herbicides, exemplified by 

35 imazaquin, imazethapyr, imazapyr AC-222293, and AC-263222, may be used as a foliar - or soil-applied her- 
bicide suitable for the control of many annual and perennial broadleaved species in asparagus, cereals, grain, 
com, sorghum, sugarcane and other crops and woody brush and vine control in pasture, rangeland and crop- 
land. Other imidazolinones can be used in preplant or preemergence applications. 

It is a common agronomic practice to use various antidotal compounds to reduce the phytotoxicity of some 

40 herbicides to various crops. For example, fluorazole (active ingredient in SCREEN® safener) is used as a seed 
dressing to protect sorghum seed from alachlor (active ingredient in LASSO® herbicide). SimDariy, cyometrinil 
(active ingredient in CONCEP® safener) is a corn seed safener for use with metolachlor and oxabetrinil (active 
ingredient in CONCEP II safener) is used to safen sorghum seed from injury by metolachlor. The compound 
N,N-diallyl dichloroacetamide (common name R-25788) is used to safen com from injury by the thiocarbamate 

45 5-ethyl-N,N-dipropylthiocarbamate (active ingredient in ERADICANE® herbicide) and acetochlor (active ingre- 
dient in HARDNESS® herbicide). 

It is not known to our knowledge to safen imidazolinones when used alone or in combination with other 
herbicides, especially a-haloacetanHides, as co-herbicides. Accordingly, it is an object of this invention to pro- 
vide compositions of those herbicides in combination with antidotes therefor, which compositions are useful to 

so reduce injury to crops, especially corn, due to phytotoxicity of said herbicides. 

SUMMARY OF THE INVENTION 

The present invention relates to herbicidal compositions comprising imidazolinone h rbicides and antidotal 
55 compounds therefor to reduce injury to various crops, particularly com, from the phytotoxic effects of said her- 
bicid when used alone r in combination with other compounds, particularly a-haloacetan aides, as co-her- 
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bicides. 

In more particular, In a major aspect, this invention relates to a composition comprising : 
(a) a herbicidal compound having the formula 



R 3 



10 



W 



wherein 

R represents one of the radicals 

15 




O 



25 




or 



IC R 6 - C - C - X 
II 



wherein in Formulae I and IA, the dashes represent saturation or unsaturation (it being understood that in For- 
mula I when one dashed line represents an unsaturated bond with one N atom, the R3 group will be attached 
to the other N atom) and in Formula I 
40 R1 is H, C 1m4 alkyl or hatoalkyt, 

R 2 is H, C,_« alkyl, C« cycloalkyl or cycloalkyimethyl. phenyl, halophenyl, benzyl or R, and R 2 combined 

from a cycloalkyl which may be substituted with alkyl ; 

R 3 is H, CODi SOD 2 or S0 2 D 3l wherein D 1v D2 and D 3 are H, C 1M0 aJkyi, halomethyl or phenyl which may 
be substituted with halogen, N0 2 or alkyl or alkoxy, said R 3 being attached to the ring nitrogen atom 
45 of the isomer not having a double bond structure ; and 
W is oxygen or sulfur ; 
where in Formula IA 

A is COOD4, CONHD5, COND 6 D 7 , CHO, CH 2 OH, COCH 3 , COC 6 H 5 , CN t CH 3 , CH=NOH, CH 2 COOH, CK 
2 COOD 8 , CH 2 COOH, CONHOH, CHD 9 OH, 

50 



55 



N « 



• COOCH3 



or 



COCH 



*P(OCH 3 ) 2 

II 
O 
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D 4 is H, diloweralkylimino, C,_ 12 alkyl optionally substituted with C,^ alkoxy, halogen, OH, cycloaikyl 
or cycloalkyimethyl ; benzyl, benzyloxy, C,^ alkyl or alkoxy, nitro or carboxyl ; furyl, tetrahydrofuryl, dial- 
kylphosphonyl, glycidyl, COC^ alkoxy, CN, phenyl, benzyl, NH(C^ alkyJ) 3 , C*_i 2 aikenyl or aikynyl, both 
optionally substituted with C v3 alkoxy, phenyl, halogen or COC^ alkoxy; cycloaikyl or cycloal- 
kyimethyl, both optionally substituted with C,_3 alkyl ; or a cation selected from alkali and alkaline earth 
metals, Mn, Cn, Fe, Zn, Co, Pb, Ag, Ni, ammonium and organic ammonium ; 

D 6 is H, OH. NH* N(CH 3 ) 2 , NHCOCH 3 . CeH 5 NH 2 , C^ alkenyl or aikynyl or C,^ alkyl optionally substituted 

with OH or halogen ; 

D e> £h and D a are H, OH or C,^ alkyl ; 

BisNor-CH-; 

m is 0-3 ; and 

R4 is H, halogen, alkyl, alkoxy, alkylthio, haloalkyl, or hydroxyalkyl ; NO* CN, phenyl or phenoxyl, both 

optionally substituted with C,^ alkyl, alkoxy or alkoxyalkyl or halogen ; SD 9 or OD 10 

wherein 

D 9 is H, phenyl or phenyl substituted with halogen, C^ alkyl or alkoxy, N0 2 ; pyridyl or C^ alkyl-substituted 
Pyridyl ; C^, alkyl, alkoxy or polyaikoxy ; C w cydoalkyl or heterocyclyl containing O, S or N atoms both 
of which may be substituted with C^ alkyl, alkoxy or halogen ; C^ cycloalkenyt, and 
D 10 is H, C3_s cycloaikyl or heterocyclyl containing O t S or N atoms both of which may be substituted as in 
De or <Vs cycloalkenyl ; 

when B is N, two R4 radicals may be combined to form a radical having one of the following formulae : 

IA(1)4CH=CH*5 
. where m is 2 or 3 ; 

IA(2) -(CHJn-, where n is 2-4 ; 




IA(4) 




isomers 




where in formula IA(3) and IA(4) 

a is H, alkyl. alkoxyalkyl or haloalkyl, C^ cycloaikyl, cycloalkyimethyl, phenyl, benzyl, acyl, pyridyl. 
alkyl- or aryfsurfonyl and 

b is H. C^ alkyl, alkoxy, halogen, N0 2 , NH 2 , CN, phenyl or benzyl or a and b radicals substituted with C,^ 
alkyl, haloalkyl. alkoxy, halogen, N0 2 or NH 2 ; 

provided that when 1*4 is a radical of the formula IA(3), the ring to which it is attached has only two unsatured 
bonds; 
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IA(3) 

5 




10 wherein 

e and fare 0-2 and e + f = 2 ; 

cand d are halogen, C^alkyl, alkoxy, haloalkyi, hydroxyalkyl, alkylthio, aikylsulphonyl, acyl or alkoxycar- 
bonyl ; cycloalkyl, cycloalkylmethyl or halocycloalkylmethyl ; C 2 _« alkenyl, haloalkenyl, alkynyl or 
haloalkynyl ; phenyl, benzyl or pyrldyl and when e or f is 0 and the other Is 2, c and d can form a ring ; 



IA(6) 

20 




wherein 
25 g is 0-6 ; 

one of the E members is O, S, SO, S0 2l ND 11f -CO- or = CH-, the other E members being C atoms, provided 
that when one E is =C- there is only one double bond in the (E) 4 ring and when the E member is not =C-, 
there may or may not be one double bond in that ring ; 
Dn isHorC^ alky! and 

30 G is the same as an uncombined, discrete R4 member in formula IA or tetrahydropyranyl, OH, CF 3 , phenyl, 
benzyl or pyridyl or phenyl-, benzyl- or pyridyl-substitued with C w alkyl, alkoxy, alkylthio, CF 3 , NO2 or halo- 
gen; 



IA(7) 




h 



wherein 

h = 0 or 1 ; 

J and L are H, alkyl or cycloalkyl, both of which may be substituted with alkyl. alkoxy, hlogen ; 
when B in formula IA is -CH-, 

R4 Is H, halogen, NO* alkyl, haloalkyi, alkoxy, alkoxyaikyl or two R4 members together form the 
radical 



IA(8) 




where J and L are as defin d In Formula IA(7) ; 
wher in Formula IB, (-) («•) 
Rs is Cm> aikyoxy, NH 2 , -0-NHD 12 D 13 . or OM ; 
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wherein D t2 and D 13 are H or C,^ alkyl, and M is an atkali metal or alkaline arth metal and 
wher in Formula IC, 

R« and R 7 ar H or alkyl, and X is OH, OD 14 . NfC^ alkylfe, N(CH 2 CH 2 OCH 3 ) 2f NHD 15 or one of the 
following radicals : 




wherein 

D 14 is alkyl or haloalkyl, C3_ 12 alkenyl or alkynyl, C2_ 12 alkoxyalkyl or haloalkoxyalkyl, phenyl, phenoxy, 
phenyl-C^ alkyl, phenoxy-C^-alkyl, a salt-forming cation from ammonium, organic ammonium, alkali and 
alkaline earth metais, Mn, Cu, Fe, Zn, Co, Pb, Ag, Al or Ni ; and 

D 16 is H, OH, cycloalkyl, alkyl, haloalkyl, hydroxyalkyl, cyanoalkyl, carbamoylalkyl, C^ 12 alkenyl, 
haloalkenyl, alkynyl, haloalkynyl, C^. 12 aryl or aryl-C^ alkyl or alkoxy, alkoxycarbonyl-C^ alkyl, furyl, 
ortetrahydrofuryl ; 

said compound of Formula I being used alone or in admixture with other known herbicidal compounds as 
co-herbicides, preferably an acetanilide of the formula 




wherein 

R 8 is hydrogen, alkyl, haloalkyl, alkoxy or alkoxyalkyl, alkenyl, haloalkenyl, alkynyl or haloalkynyl hav- 
ing up to 6 carbon atoms, C^ 10 heterocyclyl or heterocyclylmethyl having O, S and/or N atoms and which 
may be substituted with halogen, C,^ alkyl, carbonylalkyl or carbonylalkoxyalkyl, nitro, amino or cyano 
groups ; 

R 9 Is hydrogen, halogen, nitro, amino, alkyl, alkoxy or alkokyalkyl, and 
i is 0-5 and 

(b) an antidotally-effective amount of 
(i) a compound of the formula 




wherein R 10 can be selected from the group consisting of haloalkyl ; haloalkenyl ; alkyl ; alkenyl ; cycloalkyl ; 
cycloaikylalkyl ; halogen ; hydrogen ; carboalkoxy ; N-alkenylcarbamylalkyl ; N-aBcenylcarbamyl ; N-alkyl-N- 
alkynylcarbamyl ; N-alkyl-N-alkynylcarbamylalkyl ; N-alkenylcarbamylalkoxyalkyl ; N-aiky»-N-aIkynyfcar- 
bamylalkoxyalkyl ; alkynoxy ; haloalkoxy ; thiocyanatoalkyl ; alkenylaminoalkyl ; aikylcarboalky! ; cyanoalkyl ; 
cyanatoalkyl ; alkenylaminosulfonoalkyl ; alkyithi alkyl ; haloalkylcarbonyloxyalkyl ; alkoxycarboalkyl ; haloal- 
kenylcarb nyloxyaikyl ; hydroxyhaloalkyl xyalkyl ; hydroxyalkylcarboalkyoxyalkyl ; hydroxyalkyl ; alkoxysul- 
fbnoalkyl ; furyl, thlenyl ; alkyldithiolenyl ; thienalkyl ; phenyl and substituted phenyl wherein said substituents 
can b selected from halog n, alkyl, haloalkyl, alkoxy, carbamyl, nitro, carboxylic acids and th ir salts, haloa)- 
kylcarbamyl ; phenylalkyl ; ph nylhaloalkyl ; phenylalk nyl ; substitut d phenylalkenyl wherein said sub- 
stituents can be select d from halogen, alkyl, alkoxy, halophenoxy, phenylalk xy ; ph nylalkylcarboxyalkyl ; 
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ph nyicycloalkyi ; haloph nylalkenoxy ; haJothiophenytalkyl ; halophenoxyalkyl ; bicycloalkyl ; aik nylcar- 
bamylpyridinyl ; alkynylcarbamylpyridinyl ; dialkenylcarbamylbicycloalkenyl ; alkynylcarbamylbicycloalkenyl ; 

R ti and R 12 can be th same or different and can be selected from the group consisting of alkenyi ; haioal- 
kenyl ; hydrogen ; aikyl ; haloalkyi ; alkynyl ; cyanoalkyl ; hydroxyalkyl ; hydroxyhaloalky! ; haloalkylcarboxyal- 

5 kyt ; alkytcarboxyalkyl ; alkoxycarboxyalkyl ; thioalkylcarboxyalky! ; alkoxycarboalkyl ; alkylcarbamyloxyalkyl ; 
amino ; formyi ; haloalkyl-N-alkylamido ; haloalkylamido ; haloalkylamidoaikyl ; haloalkyl-N-alkytamidoalkyl ; 
haloalkylamidoalkenyl ; alkylimino ; cycloalkyl ; alkylcycloalkyl ; alkoxyalkyl ; alkyisulfonyloxyalkyl ; mercap- 
toalky) ; alkyfaminoalkyi ; aikoxycarboalkenyl ; haioalkyfcarbonyl ; alkyicarbonyl ; alkenylcarbamyloxyaJkyi ; 
cydoalkylcarbamyloxyalkyi ; alkoxycarbonyi ; haioalkoxycarbonyt ; hatophenyicarbamyioxyaikyi ; cycloal- 

w kenyl ; phenyl ; substituted phenyl wherein said substituents can be selected from alkyl, halogen, haloalkyi, 
alkoxy, haloalkylamido, phthalamido, hydroxy, alkylcarbamyloxy, alkenylcarbamyloxy, alkylamido, haloal- 
kylamido or alkyicarboalkenyl ; phenylsulfonyl ; substituted phenylalkyt wherein said substituents can be selec- 
ted from halogen or alkyl; dioxyalkylene, halophenoxyalkylamidoalkyl ; aikylthiodiazolyl ; piperidyl ; 
piperidylalkyt ; dioxoianytalkyt, thiazolyl ; alkylthiazolyi ; benzothiazoiyi ; hatobenzothiazoiyl ; fury! ; alkyi-sub- 

1$ strtuted furyl ; furyialkyl ; pyridyl ; alkylpyridyi ; alkyloxazolyl ; tetrahydrofurylalkyl ; 3-cyano, thienyl ; aikyl-sub- 
stituted thienyl ; 4,5-polyaikylene-thienyl ; a-haloalkylacetamidophenylalkyl ; 

a-haloalkylacetamidonitrophenylalkyl ; a-haioalkylacetamidohalophenylalkyl ; cyanoalkenyl ; 

Rti and R 12 when taken together can form a structure consisting of piperidinyi ; alkyl pi peridinyi ; pyridyl ; 
di- or tetrahydropyridinyl ; atkyltetrahydropyridyl ; morpholy! ; alkyl morpholyl ; azabicyclononyl ; diazacycJoal- 

20 kanyl, benzoalkylpyrrolidinyi ; oxazolidinyi ; perhydrooxazolidinyi ; alkyloxazolidyl ; furyioxazolidinyi, 
thienyloxazolidinyl, pyridyloxazolidinyl, pyrimidinyloxazolidinyl, benzooxazolidinyl, C3_ 7 spirocycloalkyloxazolh 
dinyl, alkylaminoalkenyl ; alkylideneimino ; pyrrolidinyl ; piperidonyl ; perhydroazepinyl ; perhydroazocinyl ; 
pyrazoiyl ; dihydropyrazolyl ; piperazinyl ; perhydro-1,4-diazepinyl ; quinolinyl, isoquinolinyl ; di-, tetra- and 
perhydroquinolyl- or -isoquinolyl ; indolyl and di- and perhydroindolyl and said combined R„ and R 12 members 

25 substituted with those independent R 1t and R 12 radicals enumerated above ; 
or 

(ii) one of the following compounds 

a-[(Cyanomethoxy)lmino]benzeneacetonitrile, 

a-[(1,S-Dioxopyran-2-yl-methoxy)-imino]benzeneacetonitrile, 
30 5-Thiazolecarboxylic acid, 2-chloro-4-trifluoromethyl, benzyl ester, 

Benzenemethamine, N-[4-(dichloromethylene]-1 ,3-ditholan-2-ylidene]-a-methyl, hydrochloride, 

Diphenyimethoxy acetic acid, methyl ester, 

1,8-Naphthalic anhydride, 

4,6-Dichloro-2-phenyl-pyrimidine, 
35 2-Chloro-N-[H2,4,6-trimethylphenyl)ethenyl]acetamide, 

Ethylene glycol acetal of 1,1-dichloroacetone ; 

provided that when the compound of Formula I is imazaquin, the antidotal compound is other than 1,8-na- 
phthalic anhydride, oxabetrinil, flurazoie or N.N-diallyl dichloroacetamide and when the compound of Formula 
I is imazethapyr, the antidotal compound is other than 1,8-naphthalic anhydride. 
40 Preferred herbicidal compounds according to Formula I are those wherein and R 2 are H, alkyl or 

haloaJkyl, R3 is H, W is 0 and R is a radical according to Formula IA wherein the dashed line represents an 
unsaturated bond, A is COOH or an amide, ester or salt thereof and R4 is at least one alkyl group or two 
R4 groups combine to form a benzo radical with the B~containing ring. 

Preferred species of herbicidal compounds according to the above formulae include the following 
45 3-Quinolinecarboxylic acid, 2-[4,5-dihydro-4-methyl-4-(1-m^ (common 

name "imazaquin", active ingredient in SCEPTER® herbicide), 

3-Pyridinecarboxylic acid, 2-[4,5-dihydro-4-methyl-4-(1-methylethyl)-5-oxo-1H-imidazol-2-yI]. (common 
name "imazapyr", active ingredient in ARSENAL® herbicide), 

Benzoic acid, 2-[4,5^ihydrc^-methyl-4-(1-methylethyl)-5-oxo-1H-imidazol-2-yl}-4 (or 5)-methyl- t (com- 
50 mon name "AC-222,293", active ingredient in ASSERT® herbicide), 

3-Pyridinecarboxylic acid, 5-emyl-2-[4-methyM-(1-methyiethyi)-5-oxo-1H-imidazol-2-yl], (common name 
"imazethapur* (also "AC-263499") active ingredient in PURSUIT® herbicide), and 
3-Pyridinecarboxylic acid, 244.5-dihydro-4-me%l-4-(1n™^ 

amm nium salt, (common name "AC-263,222", active ingredient in CADRE® herbicide). 
55 2-(5-Methyl-5-trifluoromethyl-1 -H-imidazol-4-on-2-yl)-pyridin-3-carboxylic acid ; 

2-(5-Methyl-5-Wfluorome^ isonicotinic acid ; 

2-[5-(i-Fiuoroethyi)-5-(m)ethyl-H-imidazol-4-on-2-yt]isonicotinic acid ; 
2-(5^(Difluorometh^-5-(m)ethyl-1-H-imidazol-4<)n-2yl]-5-(m)ethyl-isonicotinic acid ; 
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2^5-(1-RuoroethyI)-5-(m)ethyl)-tmidazol-4-on-2-y!]isonicotinic (m) thyl ester ; 

Preferred herbicidal acetanilide compounds according to Formula IV are thos wherein the Ra memo r Is 
an alkoxyalkyl group having up to 6 carbon atoms and R9 is a C, 6 alkyl or alk xyalkyl radical. The most preferred 
species are 2-chloro-2'-ethyl-6 , -methyl-N-(ethoxymethyl) acetanilide (common name "acetochlor"). 2-chlon> 
2' p 6'-diethyl-N-{methoxymethyl)acetanilide (common name "alachlor"), 2-chloro-2' f 6'-diethyl-N-{butoxymethyi) 
acetanilide, 2-chIon>2*-ethy!-6'-methyl-N-(1 -methyl-2-methoxyethyl) acetanilide (common name 
"metolachlor") and 2-chloro-2 , ,6 , -dimethyl-N-(pyrazolylmethyl) acetanflide (common name "metazachlor"). 

One group of preferred antidotal compounds includes those according to Formula II wherein R 10 is 
haloalkyl, R 1t and R 12 are independently alkeny! or haloalkenyl or 2,3-dioxolan-2-yl-methyl and R^ and 
R 12 when combined form a Cj^-io saturated or unsaturated heterocyclic ring containing O, S and/or N atoms 
and which may be substituted with C,_5 alkyl, haloalkyl, alkoxy, or alkoxyalkyl or haioacyl groups. The preferred 
haloalkyl R 10 member in Formula II is dichloro methyl. Preferred species in this group of antidotal compounds 
are N,N-diallyl-dichloroacetamide and N-(2-propenyl)-N-(1 f 3-dioxoianyImethyl)dichIoroacetamide. 

Still more preferred antidotal compounds according to Formula II is a group of substituted 1,3-oxazolidinyl 
dichloroacetamide having the formula 



4 3 



III 



C1 2 CHC - N 3 



-6 



R14 R 



1 5 



wherein 

R 13 is hydrogen, C,^ alkyl, alkylol, haloalkyl or alkoxy, C 2 -e alkoxyalkyl, phenyl or a saturated or unsatu- 
rated heterocyclic radical having C5_ 10 ring atoms and containing O, S and/or N atoms, and 
R M and R 16 are independently hydrogen, alkyl or haloalkyl, phenyl or a heterocyclic R 13 member or 
together with the carbon atom to which they are attached may form a C3-C7 spirocycloalkyl group. 
Preferred members according to Formula III are those wherein R 13 is one of said heterocyclic members 

and R 14 and R 15 are independently methyl, trifluoromethyl or when combined with the carbon atom to which 

attached form a C 5 or Cq cycloalkyl radical. 

Preferred antidotal compounds according to Formula III are the following compounds : 

Oxazdidine, 3^dichloroacetyI)-2,2,5-trimethyh 

Oxazolidine, 3-(dichloroacetyl)-2,2-dimethyl-5-phenyl-, 

Oxazdidine, 3-(dichloroacetyl).2,2-spirocyciohexyl- t 

Oxazolidine, 3-{dichloroacetyl)-2,2-dimethyl-5-(2-furanyl)-, 

Oxazdidine, 3-(dichloroacetyl)-2,2-dimethyl-5-(2-thienyl)., 

Pyridine, 3-[3-(dichloroacetyl)-2,2-dimethyl-5-oxazolidinyl}-. 

Another group of dichloroacetamide antidotal compounds according to Formula il are the following com- 
pounds : 

4- (Dichloroacety03,4-dihydro-3-methyl-2H-2,4-benzoxazine f 
Ethanone, 2 f 2-dichloro-1-(1 ,2,3,4-tetrahydro-1-methyl-2HSoquinoHnylh 
Cis/trans-piperazine, 1 ,4-bis(dichloroacetyl)-2,5-dlmethyl- ( 
rtKDichJoroacetyt)-1,2,3 t 4-tetrahydroquinaldine, 

1 ,5-Diazacyc!ononane, 1 ,5-bis(dichloroacetyl), 
1-Azaspiro[4,4]nonane, 1-(dichloroacetyl). 

Stni another preferred group of antidotal compounds according to Formula II which do not have the 
dichloroacetamide structure are the following compounds : 
a-{(Cyanomethoxy)iminolbenzeneacetonitrOe, 
a-((1 ( 3-Dioxopyran-2-yl-methoxy)imino]benzeneacetonitrile, 

5- Thiazolecarboxylic acid, 2-ch!oro-4-trifluoromethyl l benzyl ester, 

Benz nememamine, N-{4-(dichloromethyienel-1,3-ditholan-2-yIiden ]-a-methyl, hydrochlorid , 
Diphenylmethoxy acetic acid, methyl est r, 

1.5- Naphthalic anhydride, 

4.6- Dichl ro-2-ph nyl-pyrimidine, 

2^hloro-r4^1-(2,4 l 6-trimethylphenyl)ethenyl]acetamide, and 
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Ethylene glycol acetal of 1,1-dichloroacetone. 

Th herbteidaJ and antidotal compounds of Formulae l-IV are known in the art Th sub-group of 1 ,3-oxazoli- 
dine dichl roacetamides of Formula III ar the subject of copending application, Serial No. 07/212,621 , of com- 
mon assignment herewith, priority application for EP 304409 published February 22, 1989. 
5 The term "haloalkyl" embraces radicals wherein any one or more of the carbon atoms, preferably from 1 

to 4 In number, is substituted with one or more halo groups, preferably selected from bromo, chloro and fluoro. 
Specifically embraced by the term "haloalkyl" are monohaloalkyl, dihaloalkyi and polyhaloalkyl groups. A mono- 
haloalkyl group, for example, may have either a bromo, a chloro, or a fluoro atom within the group. Dihaloalkyi 
and polyhaloalkyl groups may be substituted with two or more of the same halo groups, or may have a com- 
10 bination of different halo groups. A dihaloalkyi group, for example, may have two bromo atoms, such as a dib- 
romomethyl group, or two chloro atoms, such as a dichloromethyl group, or one bromo atom and one chloro 
atom, such as a bromochloromethyi group. Examples of a polyhaloalkyl are perhaloalkyl groups such as trif- 
luoromethyl and perfluoroethyl groups. 

Preferred haloalkyl R members are dihalomethyl, particularly dichloromethyl, while the preferred haloalkyl 
15 member is a tri-halogenated methyl radical, preferably trifluoromethyl. 

Where the term "alkyl" is used either alone or in compound form (as in "haloalkyl"), it is intended to embrace 
linear or branched radicals having up to four carbon atoms, the preferred members being methyl and ethyl. 

By "agriculturally-acceptable salts" of the compounds defined by the above formula is meant a salt or salts 
which readily Ionize in aqueous media to form a cation of said compounds and a salt anion, which salts have 
20 no deleterious effect on the antidotal properties of said compounds or of the herbicidal properties of a given 
herbicide and which permit formulation of the herbicide-antidote composition without undue problems of mixing, 
suspension, stability, applicator equipment use, packaging, etc. 

By "antidotally-effective" is meant the amount of antidote required to reduce the phytotoxicity level or effect 
of a herbicide, preferably by at least 10% or 15%, but naturally the greater the reduction in herbicidal injury the 
25 better. 

By "herbicidally-effective" is meant the amount of herbicide required to effect a meaningful injury or des- 
truction to a significant portion of affected undesirable plants or weeds. Although of no hard and fast rule, it Is 
desirable from a commercial viewpoint that 80-85% or more of the weeds be destroyed, although commercially 
significant suppression of weed growth can occur at much lower levels, particularly with some very noxious, 
30 herbicide-resistant plants. 

The terms "antidote", "safening agent", "safener". "antagonistic agent", "interferant", "counter-agent", "crop 
protectant" and "crop protective", are often-used terms denoting a compound capable of reducing the 
phytotoxicity of a herbicide to a crop plant or crop seed. The terms "crop protectant" and "crop protective" are 
sometimes used to denote a composition containing as the active ingredients, a herbicide-antidote combination 
35 which provides protection from competitive weed growth by reducing herbicidal injury to a valuable crop plant 
while at the same time controlling or suppressing weed growth occurring in the presence of the crop plant Anti- 
dotes protect crop plants by interfering with the herbicidal action of a herbicide on the crop plants so as to render 
the herbicide selective to weed plants emerging or growing in the presence of crop plants. 

Herbicides which may be used as co-herbicides with the imidazolinones of Formula I with benefit In conv 
<o bination with an antidote of the described class include preferably thiocarbamates (including dithiocarbamates), 
acetamides, heterocyclyl phenyl ethers (especially phenoxypyrazoles), benzoic acid and its salts, esters and 
amides, pyridines, and sulfonylureas. It is within the purview of this invention that other classes of herbicides, 
e.g., triazines, ureas, diphenyl ethers, nitroanilines, thiazoles, isoxazoles, etc., the individual members of which 
classes may be derivatives having one or more substituents selected from a wide variety of radicals may suit- 
45 ably be used as co-herbicides. Such combinations can be used to obtain selective weed control with low crop 
injury in several varieties of monocotyledonous crop plants such as com, grain sorghum (milo), and cereals 
such as wheat, rice, barley, oats, and rye, as well as several varieties of dicotyledonous crop plants including 
oil-seed crops such as soybeans and cotton. Particular utility for the antidotal compounds of this invention has 
been experienced with various herbicides in com, sorghum and soybeans, 
so Examples of important thiocarbamate herbicides are the following : 

cis-/trans-2 ,3-dichloroallyl-dlisopropylthiolcarbamate (common name "diallate") ; 

ethyl dipropylthiocarbamate (common name "EPTC") ; 

S-ethyl diis butyl (thiocarbamate) (common name "butylate ") ; 

S-propyl dipr pyl(thiocarbamate) (common name "v rnolate") ; 
55 2,3,3-trichIoroallyl-diisopropylthiolcarbamate (common name "triallat ")' 

Examples of important acetamide herbicides are th following : 

2-chloro-N-isopropylacetanOide (common name "propachlor") ; 

2-chloro-1',6'-diethyl-N-(methoxymethyl)acetanilide (common name "alachlor") ; 
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2-chloro-2' t 6'-diethyl-N-{butoxymethy<)acetanilide (common name "butachlor") ; 
a-chloro-N-CethoxymethylJ^e'-ethyl-o-acetotofuidide (common name "acetochlor") ; 
ethyl ester of N-chJoroacetyt-N- (2.6-diethylph nyl)glycine (common name "diethatyl ethyl") ; 
2-chloro-N-(2,6-dimethylphenyl)-N-(2-melhoxyethyi)acetamlde (common name "dimethachlor") ; 
2-chloro-N-{2-methoxy-1-methyiethyl)-6 , -ethyl-o-acetotoiuidide (common name "metolachloO ; 
2-chloro-2'-methyl-6'-methoxy-N-(isopropoxymethyl)acetanilide ; 

2-chloro-2 r ,6 , -dimethyl-N-(1-pyra2oH-yi-methyl)acetanilide (common name "metazochior") 
2^h!oro-N(2 l 6-dimethyl-1^dohexen-1«yl)-N-(1H-pyrazol-1-ylmethyl)acetamide ; 
2-chloro-6 r -trifluoromethyl-N-(isopropoxymethyl) acetanilide ; 
2^hloro-2'-memyl^ , -lrifluoromemyl-N-(ethoxymethyl)acetannide ; 
2-chloro-2'-efoyl^trffluorome^ 

2- chloro-N-isopropy1-1 -(3 f 5,5-trimethy!cycIohexen-1-yl)acetamide (common name Trimexachlor"). 
Examples of important pyridine herbicides include : 

3- pyridinecarboxylic acid, 2-(difluoromethyl)-5^ t 5-dihydro-24hiazolyl)^2-memylpropyl)-6Htrif- 
luoromethyl)-, methyl ester ; 

3- pyridinecarboxylic acid, 2-(difluoromethylH-(2-methylpropyi)-5^1H-pyrazol-1-ylcarbonyl)-6^tr^ 
luoromethyl)-, methyl ester ; 

3,5-pyridine dicarbothioic acid, 2-(difluoromethyl)-4-(2-methylpropyI)-6-(trifluoromethyl)-, S,S-dimethyl 
ester ; 

3,5-pyridinedicarboxyiic acid, 2-(difluoromethyl)-4-(2-methylpropyl)-6-b , ifIuoromethyl, dimethyl ester. 
Examples of important heterocyclyl phenyl ethers include : 

5^trifluoromethyl)-4^hloro-3-(3^^ ; 
5^trinuorome%l)-4^hloro-3-(3'-methoxy-4'-n itrophenoxy)-1 -methylpyrazole ; 
5^trifluoromethyl)-4-chloro-3(341-butox^^ ; 
5^trifluoromethyl)-4-chloro-3-(3'-methylsulfamoylcarbonyl propoxy-4'-nitrophenoxy)-4-memylpyrazol ; 
5-(trifluorometayl)-4-chloro-3-(3^ ; 
(±)-2-[4-I[5-(trifluoromethyl)-2-pyridinyl]oxy]phenoxy3propanoic acid (9CI). 
Examples of important sulfonylureas include : 

Benzenesulfonamide, 2-chlon>N-[[(4-methoxy-6-methyl-1, 3, 5-triazin-2-yl) amino] carbonyl] ; 
Benzoic acid, 2-[[H(4-chIoro-6-methoxy-2-pyrimidinyl) aminojcarbonyl] amino] sulfonyl]- ethyl ester ; 
2-Thiophenecarboxylic acid, 3-[[[[(4,6-dimethoxy-1,3 t 5-triaa^ 
methyl ester ; 

Benzoic acid, 2-H[[(4, 6-dimethyt-2-pyrimidinyl) amino] carbonyl] amino] sulfonyl] methyl ester ; 
Benzenesulfonamide, 2-(2-chloroethoxy>-N'|[(4-methoxy-6-methyl-1, 3, 5-triazin-2-yl)amino] carbonyl] ; 
Benzoic acid, 2-[H[(4-methoxy-6-methyi-1,3,5-triazin-2-yl) amino]carbonyl] amino] sulfbnyl]-methyl ester ; 
Examples of important benzoic acid derivative herbicides include : 
3,64Dichloro-2-methoxybenzoic acid (common name "dicamba"), 

2.5- Dichloro-3-aminobenzoic acid (common name "amiben" and "chloramiben"), 
5^2 , -Chloro-4'-trifluoromethylphenoxy)-2-nitrobenzoic acid (common name "acifluorfen*), 

2.6- Dichlorobenzonitrile (common name "dichlobenin, 
3,5,6-Trichloro-2-methoxybenzoic acid (common name Tricamba"), 
2,3,6-Trichlorobenzoic acid, and 
2,3,5,6-Tetrachlorobenzoic acid, 

and salts, esters and amides of the above acids. 
Examples of other important herbicides include : 
2^hlorc^ethylamino}-6-(isopropyiamino)-symtriazine ; 

4- Amino^tertbutyl-3-(memylmio)-AS-triazine-5(4H)one; 
Trifluoro-2,6-dinitro-N t N-dipropyl-p-toluidine; 
Benzeneamine, N-(1-ethylpropyl)-3, 4-dimethyl-2, 6-dinforo- ; 

2- Pyrrolidinone, 3^loro-^chloromethyl)-1H[3-(trtfluoromethyl) phenyl], trans- ; 

3- lsoxazolidinone, 2-[(2-chlorophenyl) methyl}-4. 4-dimethyl- ; 
2-!midazolidinone t H5-(1,1-dimethylethyl>-3-isoxazolylH-hydroxy-1 -methyl- ; 
2-Chloro-4-(1 -cyano-1 -methylethylamino)-6-ethy lamino-1 ,3,5-lriazine ; 
Methyl 5-(2,4-dichl rophenoxy)-2-nilrobenzoate ; 

1'-(Carboethoxy) thy) 5-[2-chloro-4-(trifluo^omethyl)phenoxy^2-^it^ob nz ate ; 
Ammonium-DL-homoalanin-4-yl (methyl) phosphinate ; 
2^3,4-Dichloroph nyl>4-methyl-1 t 2,4-oxadiazolidine-3,5-di ne. 

The herbicides of particular and pr ferred interest as co-herbicides with the imldazolin nes of Formula I 
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in composite ns with antidotes according to this invention include each of the above-m ntioned species from 
different chemical classes of compounds exemplified as important herbicides, particularly those of current com- 
m rcial inter st and us and those which may be determined of commercial utility. Co-herbicidal compounds 
of preference include the following acetanilides : 
5 alachlor, 

acetochlor, 

butachlor, 

metolachlor, 

metazochlor, 

10 2^hlorc-2'4nemyl-6'-methoxy-N-(isopropoxymethyl)acetanilide f 

2^hloro-2'Hiiethyl-6'-trifluoromethyl-N-(ethoxymethy1)acetanilide, and 

2-chloro-2',6'-dimethy1-N-(2-methoxyethyl)acetanilide. 

All of the above specifically-named herbicides are known in the art. 

As further detailed infra, while not necessary, the composition containing the herbicide-antidote combi- 
15 nation may also contain other additaments, e.g., biocides such as insecticides, fungicides, nematocides, mitt- 
cides, etc, fertilizers, inert formulation aids, e.g., surfactants, emulsifiers, defoamers, dyes, etc. 

Combinations may be made of any one or more of the described antidote compounds with any one or more 
of the herbicide compounds of Formula I and co-herbicides mentioned herein. 

It will be recognized by those skilled in the art that all herbicides have varying degrees of phytotoxicity to 
20 various plants because of the sensitivity of the plant to the herbicide. Thus, e.g., although certain crops such 
as corn and soybeans have a high level of tolerance (i.e., low sensitivity) to the phytotoxic effect of alachlor, 
other crops, e.g., milo (grain sorghum), rice and wheat, have a low level of tolerance (i.e„ high sensitivity) to 
the phytotoxic effects of alachlor. The same type of sensitivity to herbicides as shown by crop plants is also 
exhibited by weeds, some of which are very sensitive, others very resistant to the phytotoxic effects of the her- 
25 bicide. 

When the sensitivity of a crop plant to a herbicide is low, whereas the sensitivity of a weed to that herbicide 
is high, the "selectivity factor" of the herbicide for preferentially injuring the weed while not injuring the crop is 
high. 

In an analogous manner, but more complex, an antidotal compound may, and commonly does, have vary- 
30 ing degrees of crop protective effect against different herbicides in different crops. Accordingly, as will be 
appreciated by those skilled in the art, the various antidotes of this invention, as with all classes of antidotal 
compounds, will have greater or lesser crop safening effects against various herbicides in various crops than 
in others. Thus, while a given antidotal compound may have no crop protective ability against a given herbicide 
In a given crop, that same antidotal compound may have a very high crop protective ability against the same 
35 given herbicide in a different crop or against a different herbicide in the same crop. This is an expected 
phenomenon. 

DETAILED DESCRIPTION OF THE INVENTION 

40 Antidote Compounds 

As mentioned earlier, the antidotal compounds used in the practice of this invention are known compounds. 
The preferred compounds used herein are the 1 ,3-oxazolidine dichloroacetamides according to Formula HI 
wherein the R 13 member is a heterocyclic radical. Those compounds are separately disclosed and claimed in 
45 the assignee's said copending application, Serial No. 07/212.621 and its corresponding EP 304409, published 
February 22, 1989. The synthesis methods of said EP 304409 for said 1,3-oxazolidine dfchloroacetamlde anti- 
dotes are also disclosed in said U.S. Serial No. 07/212,621, and these documents are hereby incorporated by 
reference. 

so Biological Evaluation 

Effective weed control coupled with low crop injury is a result of treatment of a plant locus with a combination 
of h rbicide compound and antidote compound. By application to th "plant locus" is meant applicati n to the 
plant growing medium, such as soil, as well as to the seeds, merging seedlings, roots, stems, leaves, or other 
55 plant parts. 

The phrase "combination of h rbicide compound and antidot compound" embraces various methods of 
treatment For example, the soil of a plant locus may be treated with a "tank-mix" composition containing a mixt- 
ure of the herbicide and the antidote which is "in combination". Or, the soil may b treated with the herbicide 
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and antidote compounds separately so that the "combination" is made on, or in, the soil. After such treatments 
of the soil with a mixture of herbicide and antidote or by separate or sequential application of the herbicide and 
antidote to the son, th herbicide and antidote may be mixed into or incorporated into the s fl either by mechani- 
cal mixing of the soil with implements or by "watering in" by rainfall or irrigation. The soO of a plant locus may 
also be treated with antidote by application of the antidote in a dispersible-concentrate form such as a granule. 
The granule may be applied to a furrow which is prepared for receipt of the crop seed and the herbicide may 
be applied to the plant locus either before or after in-furrow placement of the antidote-containing granule so 
that the herbicide and antidote form a "combination". Crop seed may be treated or coated with the antidote 
compound either while the crop seed is in-furrow just after seeding or, more commonly, the crop seed may be 
treated or coated with antidote prior to seeding into a furrow. The herbicide may be applied to the soil plant 
locus before or after seeding and a "combination" is made when both herbicide and antidote-coated seed are 
in the soil. Also contemplated as a "combination" is a commercially-convenient association or presentation of 
herbicide and antidote. For example, the herbicide and antidote components in concentrated form may be con- 
tained in separate containers, but such containers may be presented for sale or sold together as a "combi- 
nation". Or, the herbicide and antidote components in concentrated form may be in a mixture in a single 
container as a "combination". Either such "combination" may be diluted or mixed with adjuvants suitable for 
son applications. Another example of a commercially-presented combination is a container of antidote-coated 
crop seed sold, or presented for sale, along with a container of herbicide material. These containers may, or 
may not, be physically attached to each other, but nonetheless constitute a "combination of herbicide and anti- 
dote" when intended for use ultimately in the same plant locus. 

In the foregoing description of various modes of application of the herbicide-antidote combinations, it is 
inherent that each form of application requires that in some manner, the herbicide and antidote will form a 
"composition" of those agents. 

The amount of antidote employed in the methods and compositions of the invention will vary depending 
upon the particular herbicide with which the antidote is employed, the rate of application of the herbicide, the 
particular crop to be protected, and the manner of application to the plant locus. In each instance the amount 
of antidote employed is a safening-effective amount, that is, the amount which reduces, or protects against, 
crop injury that otherwise would result from the presence of the herbicide. The amount of antidote employed 
will be less than an amount that will substantially injure the crop planL 

The antidote can be applied to the crop plant locus in a mixture with the selected herbicide. For example 
where the crop seed is first planted, a suitable mixture of antidote and herbidde, whether in a homogeneous 
liquid, emulsion, suspension or solid form, can be applied to the surface of, or incorporated in, the soB in which 
the seed has been planted. Or, the herbicide-antidote mixture may be applied to the soil, and then the seed 
thereafter "drilled" into the son below the soil layer containing the herbicide-antidote mixture. The herbicide will 
reduce or eliminate the presence of undesirable weed plants. Where the herbicide would by itself injure the 
crop seedlings, the presence of the antidote will reduce or eliminate the injury to the crop seed caused by the 
herbicide. It is not essential that the application of herbicide and the antidote to the plant locus be made using 
the selected herbicide and antidote in the form of a mixture or composition. The herbicide and the antidote may 
be applied to the plant locus in a sequential manner. For example, the antidote may be first applied to the plant 
locus and thereafter the herbicide is applied. Or, the herbicide may be first applied to the plant locus and there- 
after the antidote is applied. 

The ratio of herbicide to antidote may vary depending upon the crop to be protected, weed to be inhibited, 
herbicide used, etc., but normally a herbicide-to-antidote ratio ranging from 1 :25-to-60 :1 (preferably 1 :5-to^ 
30 :1) parts by weight may be employed, although much higher rates of antidote may be used, e.g., 1 : 100- 
1 :300 parts by weight of herbicide-to-antidote. As indicated above, the antidote may be applied to the plant 
locus in a mixture, i.e., a mixture of a herbicidally-effective amount of herbicide and a safening-effective amount 
of an antidote, or sequentially, i.e.. the plant locus may be treated with an effective amount of the herbicide 
followed by a treatment with the antidote or vice versa. In general, effective herbicidal amounts are in the range 
of about 0.03 to about 12 kDograms/hectare, but rates as low as 0.004 kg/ha may be used effectively. The pre- 
ferred range of rate of application is from about 0.1 to about 10 kg/ha. Preferably, antidote application rates 
range from about 0.5 kg/ha down to about 0.05 kg/ha. It will be appreciated that at times amounts either below 
or above these ranges will be necessary to obtain the best results. The selection of the herbicide to inhibit the 
emergence and growth of weeds depends upon the species f weeds to be controlled and the crop to be pro- 
tected. 

The application of the antidote can be made directly to the seed b fore planting. In this practice, a quantity 
of crop seed is first coated with the antid t . The coated seed is thereafter planted. Th herbicide may be 
applied to the sott before or after the coated seed is planted. 

In field applications, the herbicide, antidote, or a mixtur thereof, may be applied to th plant locus without 
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any adjuvants other than a solvent. Usually, the herbicide, antidote, or a mixture there f, is applied in conjunc- 
ti n with n or more adjuvants in liquid or solid form. Compositions or formulations containing mixtures of an 
appropriate herbicide and antidote usually are prepared by admixing the herbicid and antidote with n r more 
adjuvants such as diluents, solvents, extenders, carriers, conditioning agents, water, wetting agents, dispersing 
5 agents, or emulsifying agents, or any suitable combination of these adjuvants. These mixtures may be in the 
form of particulate solids, granules, pellets, wettable powders, dusts, solutions, aqueous dispersions, or emul- 
sions. 

Application of the herbicide, antidote, or mixture thereof, can be carried out by conventional techniques 
utilizing, for example, hand-carried or tractor-mounted spreaders, power dusters, boom and hand sprayers, 
io spray dusters, and granular applicators. If desired, application of the compositions of the invention to plants 
can be accomplished by incorporating the compositions in the soil or other media. 

Evaluations of safening activity of a wide variety of representative antidote compounds and imidazolinone 
compounds according to this invention were carried out using the specific procedures of Examples 5-13 below 
in greenhouse testing. Measurements of biological response as reported in Tables 1-9 were made in the fai- 
rs lowing manner. A visual comparison was made between a crop plant treated with a herbicide alone and crop 
plant having no herbicide or antidote treatment. A number was assigned to this visual comparison indicating 
the percent injury or inhibition to the herbicide-alone treated crop plant (column "WO" in Tables 1 and 2 indi- 
cating herbicide "without" antidote). Also, a visual comparison was made between the crop plant treated with 
herbicide+antidote combination and the crop plant having no herbicide or antidote treatment. A number was 
20 assigned to this visual comparison indicating the percent injury or inhibition to the herbicide+antidote treated 
crop plant (column "W" in Tables 1 and 2 indicating herbicide "with" antidote). Observations of response by the 
weed species to herbicide or herbicide+antidote were similarly recorded. The degree of reduction of herbicide 
injury provided by an antidote compound is indicated by the magnitude that the plant inhibition number of col- 
umn "WO" exceeds the corresponding number of column "W". Also reported in Tables 1 and 2 are data in paren- 
25 thesis showing "safening effect" (defined below) for the herbicide+antidote combinations calculated from the 
plant inhibition numbers. These tables show crop or weed column headings under which there are no data. 
The lack of such data is not an indication of a failed test ; rather it is merely an indication that the particular 
herbicide+antidote rate combination was not tested with that crop or weed. 
In Tables 1 and 2 the symbols used have the following meanings : 
30 W = % Plant Inhibition caused by combination of of herbicide and antidote. 
WO a % Plant Inhibition caused by herbicide alone. 

WO- W 

Data reported in parentheses = % Safening Effect () = WQ X 100 

Herbicide and antidote rates in ail tables below are given in kilograms per hectare (Kg/ha). 
3$ Listed below are the names of the herbicidal and antidotal compounds for which data are reported in the 

Tables. 
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Herbicide No. Compound 

1 3-Quinolinecarboxylic acid, 2-[4,5- 
dihydro-4-met^yl-4-(l-methylethyl )- 
5-oxo-lH-imidazol-2-yl] , (common 
name "imazaguin" , active ingredient 
in SCEPTER® herbicide), 

2 3-Pyridinecarboxylic acid, 2-[4,5- 
dihydro-4-methyl-4- ( 1-methylethyl ) - 
5-oxo-lH-imidazol-2-yl] , (common 
name "imazapyr", active ingredient 
in ARSENAL® herbicide), 

3 Benzoic acid, 2-[4,5-dihydro-4- 
methyl-4- ( 1-rnethylethyl )-5-oxo- 
lH-imidazol-2-yl]-4 (or 5) -methyl-, 
(common name ,f AC-222,293", active 
ingredient in ASSERT® herbicide), 

4 3-Pyridinecarboxylic acid, 5-ethyl- 
2- [4-methyl-4- ( 1-methylethyl )-5-oxo- 
lH-imidazol-2-yl] , (common name 
"imazethapyr" [also "AC 263,499"], 
active ingredient in PURSUIT® 
herbicide ) , and 

5 3-Pyridinecarboxylic acid, 2-[4,5- 
dihydro-4-methyl-4- ( 1-methylethyl ) - 
5-oxo-lH-imidazol-2-yl]-5-methyl-, 
ammonium salt, (common name 
"AC-263,222", active ingredient 

in CADRE® herbicide). 
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Antidote No. Compound 

1 Ace t amide, N,N-Bis (2-propenyl ) 
Alpha , Alpha-dichloro- , 

2 Cis/trans-piperazine, 1,4-bis- 
( dichloroacetyl ) -2 , 5-dimethyl- 

3 5-Thiazolecarboxylic acid, 2- 
chloro-4- ( tr i f luoromethyl ) - , 
(phenylmethyl) ester, 

4 Oxazolidine, 3- (dichloroacetyl ) 
2,2, 5-trimethyl- / 

5 Benzeneacetonitrile, Alpha- 
[ ( cyanomethoxy ) iraino] - , 

6 Oxazolidine , 3- ( dichloroacetyl ) 
2 , 2 -dimethyl- 5 -phenyl ) - , 

7 Benzeneacetonitrile, Alpha- 

[ [ (1, 3-dioxolan-2-yl )methoxy] 
imino ) ] - , 

8 lH-l,2,4-Triazole,l-[ [(1,1- 
dimethylethyl )dimethylsilyl] - 
( phenyl su If onyl ) methyl ] - , 

9 1-Diazacyclononane, 1,5-Bis- 
(Dichloroacetyl )-, 

10 1-Azaspiro [4.4]nonane, 2- 

( dichloroacetyl ) - , 
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Antidote No. Compound 

11 Acetamide, 2 , 2-dichloro-N- 
(l,3-dioxolan-2-ylmethyl)- 
N-2-propenyl- , 

12 l-Azaspiro[4.5]decane, 1- 
bromochloroacetyl- , 

13 Oxazolidine, 3-(dichloro- 

acetyl)-2,2-dimethyl-5-(2- 
thienyl)-, 

14 Ethanone, 2 , 2-dichlo4o-l- 
(1,2,3, 4- tetrahydro-l-methyl- 
2-isoquinolinyl ) - , 

15 1,3-dioxolane, 2-(dichloro- 
methyl ) -2 -methyl- , 

16 Acetamide, 2-chloro-N- [1- 
(2,4, 6-trimethylphenyl ) - 
ethenyl]-, 

1 7 Oxazolidine, 3-(dichloro- 
acetyl ) -3 , 2 , 2-trimethyl- , 

18 Pyrrolo [ 1 , 2- a ] pyrimidin-6 ( 2H ) - 
one , 1- ( dichloroacetyl )hexa- 
hydro-3 , 3 , 8a-trimethyl , 

19 Oxazolidine, 3- (dichloroacetyl )« 
5- (2-f uranyl ) -2 , 2-dimethyl- , 

20 Pyridine, 3- [3- (dichloro- 
acetyl ) -2 , 2 -dimethyl-5-oxa- 
zolidinyl]-, 
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Antidote No. Compound 

21 Para chlorophenylthio 
acetonitrile, 

22 Piperazine , 1 , 4-bis ( dichloro- 
acetyl ) - , 

23 Benzenemethanamine, N-[4- 
(dichloromethylene )-l , 3- 
dithiolan-2-ylidene] -alpha- 
methyl- , hydrochloride , 

24 1H, 3H-naphtho [1 , 8-cd]pyran- 
1,3-dione, 

25 Phosphonic acid, (alpha- 

( dichloroacetamido )methyl ) - , 
diphenyl ester, 

26 Piperazine, 1, 4-bis (dichloro- 
acetyl ) - , 2 , 6 -dimethyl- f 

27 5-thiazolecarboxylic acid, 
2-chloro- , 2-chloroethyl 
ester , 4 - ( tr i f luor ome thy 1 ) - , 

28 5-oxazolecarboxylic acid, 

2- [ ( 1 , 1- dimethyl ethyl ) amino ] - 
4-(trifluoromethyl)-, ethyl 
ester, 

29 Acetic acid, ( diphenylmethoxy ) • 
methyl ester, 
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Antidote No« Compound 

30 5-Thiazolecarbothioic acid, 
2-chloro-4- ( trif luoromethyl ) - 
S-(phenylmethyl )ester, 

31 Acetamide, 2 , 2-dichloro-N- 
[3 , 5 -bis ( trif luoromethyl ) - 
phenyl]-, 

32 Quinoline, l-(dichloroacetyl) 
1,2,3, 4-tetrahydro-2 -methyl- , 

33 Isoquinoline, 2-(dichloro- 
acetyl ) -1 , 2 , 3 , 4-tetrahydro- , 

34 Quinoline , 1- ( dichloroacetyl ) 
1,2,3, 4-tetrahydro- , 

35 Quinoline, 1- (dichloroacetyl } 
1 , 2-dihydro-2 , 2 , 4-trimethyl- , 

36 Acetamide, 2,2-dichloro-N- 

[ 2-ni tro-4- ( tri f luoromethyl ) - 
phenyl]-, 

37 Acetamide, 2 , 2-dichloro-N- 
( 3 - f luor opheny 1 ) - , 

38 Acetamide, 2,2-dichloro-N- 
( 2 , 5 -dif luor opheny 1 )- , 

39 l,4-dioxa-8-azaspiro[4, 5]- 
decane, 8-(dichloroacetyl)-, - 
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Antidote No, Compound 

40 Thiazolidine, 3-(dichloro- 
acetyl ) - , 

41 Acetamide, N- [(1,1' -biphenyl ) 
2~yl ] -2 , 2-dichloro- , 

42 Acetamide, 2,2-dichloro-N- 
[2- [2- [ ( dichloroacetyl )- 
amino ] phenyl ] phenyl ] - , 

43 1-Azaspiro[4.4]nonane, 1- 
bromochloroacetyl- , 

44 Acetamide, 2,2-dichloro-N- 
[ ( 3-methoxyphenyl ) methyl] - 
N- ( 2 -propeny 1 ) - , 

45 Acetamide, N- [1 , 1 1 -biphenyl] - 

3- yl-2 , 2-dichloro- , 

46 Acetamide, 2-chloro-N- [1- 
(2, 6-dichlorophenyl )ethenyl] - 

47 l-oxa-4-azaspiro [4.5] decane, 

4- bromochloroacetyl- , 

48 Acetamide, 2, 2-dibromo-N,N- 
di-2 -propeny 1-, 

49 Acetamide, N,N-bis[ (3-buty- 
nyloxy )methyl] -2 , 2-dichloro- 

50 Acetamide, N,N-bis [ (3-penty- 
ny loxy )methyl ] -2 -chloro- , 
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Antidote No. Compound 

51 Acetamide, 2, 2-dichloro-N,N- 
bis [ ( 3-pentynyloxy ) methyl ] - , 

52 Isoquinoline, 2-(dichloro- 
acetyl ) -1 , 2 , 3 , 4-tetrahydro- 

1- propyl-, 

53 IH-isoindole, 2-(dichloroacetyl) 
2,3-dihydro-, 

54 Isoquinoline, 2-(dichloroacetyl)« 
1,2,3, 4-tetrahydro-l- ( 1-methyl- 
ethyl)-, 

55 Acetamide , 2 , 2-dichloro-N- [1- 
(2,4, 6-trimethylphenyl ) - 
ethenyl ] - , 

56 Acetamide, 2,2-dichloro-N-ethyl- 
N- ( me thoxymethyl ) , 

57 Acetamide, 2 , 2-dichloro-N- 

2 - propeny 1 -N- [ 3 - ( tr i f luoro- 
methyl ) phenyl ] - , 

58 Acetamide, N,N'-1, 2-ethane- 
diylbis [2 f 2-dichloro-N- ( 2- 
methyl-l-propenyl ) ] - , 

59 Quinoxaline, l,4-bis(dichloro- 
acetyl ) -1 , 2 , 3 , 4-tetrahydro- , 
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Antidote No. Compound 

60 lH-l,4-diazonine, 1,4-bis- 

( dichloroacetyl ) octahydro- , 

61 1H-1, 5-diazonine, 1,5-bis- 
(bromochloroacetyl ) octahydro-, 

62 1H-1, 5-diazonine, 1,5-bis- 
( dibromoacetyl ) octahydro- , 

63 1H-1, 5-diazonine, 1,5-bis- 
( dichloroacetyl )octahydro- 
3 -methyl-, 

64 - 1H-1, 5-diazonine, 1,5-bis- 

( dichloroacetyl )octahydro- 
2 -methyl-, 

65 7-Azaspiro[4.5]decane, 7- 

( dichloroacetyl )-8, 8-dimethyl- 

66 Quinoaline, 1 ,4-bis( dichloro- 
acetyl )-l , 2 , 3 ,4-tetrahydro-2- 
methyl-, 

67 Isoguinoline, 2-(dichloro- 
acety 1 ) -1 , 2 , 3 , 4- tetr ahydro- 
1- ( tr if luoromethyl ) - , 

68 Acetamide, 2, 2-dichloro-N- 
ethyl -N- ( 2-phenylethyl 

69 Acetamide, 2 , 2-dichloro-N- 
(ethoxymethyl )-N- (2 -phenyl - 
ethyl)-, 
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Antidote No. Compound 

70 Isoquinoline, 2-(dichloro- 
acetyl ) -1 , 2 , 3 , 4- tetrahydro- 
1, 3 -dimethyl-, 

71 Isoquinoline, 2-(dichloro- 
acetyl ) -1-ethyl-l , 2 , 3 , 4- 
tetrahydro-3 -methyl- , 

72 Isoquinoline, 2-(dichloro- 
acetyl )-l, 2 , 3 , 4-tetrahydro- 
1 , 7-dimethyl- , 

73 1,5-diazocine, l,5-bis(di- 
chloroacetyl )octahydro- , 

74 Piperazine, l,4-bis(dichloro- 
acetyl > -2-methyl-5- ( 1 -methyl - 
ethyl)-, (2S f 5R- trans)-, 

75 Piperazine, 1,4- [bis(dichloro- 
acetyl ) ] -2 -phenyl- , 

76 Oxazolidine, 3-(dichloro- 
acetyl ) -5- ( 3- f ur anyl ) -2 , 2 - 
dimethyl-, 

77 4-Pentenenitrile, 2-methyl-2- 
[ ( 4-methylphenyl ) thio ] - 

The following examples describe preparation of exemplary formulations of herbicide and antidote and mixt- 
ures thereof. 

Example 1 

An emulsifiabfe concentrate type formulation containing acetochlor was prepared containing the following 
components : 
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10 



15 



% by Wt. 

Acetochlor (93.1% technical) 87.13 
Epoxy soybean oil 0.91 
Witco C-5438 emulsifier (blend 

of anionic/non-ionic emulsi- 
fiers in ethylene glycol); 
Witco Chemical Co., New 
York, N.Y. 9.00 
Orchex 796 (a spray oil filter) 2.93 
GE AG-78 anti foaming agent 

(polysiloxane ) ; General 
Electric Co., Water ford, N.Y. 0.02 
20 Methyl violet dye; Dye Specialties 

Co., Jersey City, N.J. 0.01 

These components were mixed together at room temperature until a uniform blend was obtained. The for- 
25 mulation had a specific gravity of 1.1101 observed at 20°C and calculated against water at 15.6°C. f and had 
a flash point above 200°C (tag closed-cup method). The formulation showed fair emulsion bloom at water hard- 
ness concentrations of 114 ppm, 342 ppm and 1000 ppm. The emulsions had 1 ml cream after one hour at 
each water hardness concentration. The formulation was a purple viscous liquid and contained 87.13% by 
weight of acetochlor. 

30 

Example 2 

An emulsffiable concentrate formulation containing 1-oxa-4-azaspiro (4,5) decane, 4-(dichloroacetyl) > hav- 
ing the common name °AD-67" as the antidote compound was prepared for use in various tests. AD-67 is also 
35 named oxazolidine, 3-(dichloroacetyl)-2,2-spirocydohexyk The formulation contained the following ingred- 
ients: 

40 

AD-67 (93.5% tech) 11.44 
Sterox NJ 0.77 
^ FLOMO 54C 5.96 

FLOMO 50H emulsifier 3.27 
Monochlorobenzene 78 . 55 

so These components were mixed together at room temperature until a uniform blend was obtained. The for- 
mulation had a specific gravity of 1.1222 observed at 20°C calculated against water at 15.6°C. a solution point 
of <0°C, and a flash point less than 32°C. The formulation showed good bloom at a concentration in water of 
1000 ppm, and perfect bloom at 100 and 342 ppm. Emulsions containing 5% f the formulation were observed 
on hour after pr paration as having a trac cream layer at 1 14 ppm, and 2 ml layer at 342 ppm and at 1000 

55 ppm water-hard n ss concentrations. 

Example 3 
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An mulsifiable concentrate formulation containing oxazolidine, 3-(dichIoroacetyf)-2,2-dim thyt-(5-fura- 
nyl)-, was prepared for use in field tests as described later herein. This EC contained the following ingredients: 

% by wt, 

5 Active ingredient 

(the above compound) 10.77 

Monochl orobenzene 79.23 

10 Witconate P 1220 4.19 

Witconol CO-360 5.45 

Witconol NP-330 0.36 

15 The above formulation had a specific gravity of 1.1220 at 20°C calculated against water at 15.6°C and a 

flash point of 37.8°C (100°F). The formulation exhibited poor bloom in water at concentrations of 1 14, 342 and 
1000 ppm. Emulsions containing 5% of this formulation exhibited a 1 ml layer at the 1 14 and 342 ppm concen- 
trations and a 10 ml layer at the 1000 ppm concentration. 

20 Example 4 

Commercially-available or in-house formulations of other herbicides and antidotes used In Examples 5-13 
and Tables 1-9 had the following initial compositions (in weight percent) which were then mixed where desired 
with an appropriate carrier to provide the desired application rate in kg/ha : 
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Active 

Herbicide Ingredient Inerts 

SCEPTER® Herbicide 17.3 82.7 

ARSENAL® Herbicide 27.6 72.4 

ASSERT® Herbicide 45.5 54.5 

PURSUIT® Herbicide 25.0 75.0 

CADRE® Herbicide 25.0 75.0 

Acetochlor 87.3 12.7 

Metolachlor 86.4 13.6 



Antidotes - Formulated in acetone to a concentration corresponding to the application rate per hectare. 
Example 5 

45 

The following procedure shows interaction between a herbicide and an antidote when the antidote is 
applied in a soil furrow containing crop seed and the herbicide is incorporated in a soO cover layer. Containers 
were filled and compacted with fumigated silt loam son to a depth of about 1.3 cm from the top of the container. 
A first container was designated as an untreated control, a second container was designated as a herbicide 

so control, and a third container was designated as a herbicide + antidote test container. Each container was 
seeded with crop seed in marked furrows. Antidote compound, dissolved in acetone, was applied directly to 
the seeded furrows of the third container. Antidote application rate was 0.55 mg active compound per inch of 
furrow (0.22 mg/cm). This rate was comparabl to a plot application rate of 0.28 kilogram per hectare (kg/ha), 
based on 76 cm (30") spaced-apart furrows. Then, each of the second and third containers was filled and 

55 leveled with a cover layer f sofl having incorporated therein the selected herbfcid at a pre-determined con- 
centrati n. The first contain r was fill d and leveled with soil containing no h rbicid .P ts were overhead irri- 
gated with 0.6 cm (1/4"), then placed on a bench in a greenh use and sub-irrigated as required for the durati n 
ofth test Plant response was observed about thr e weeks after initial treatment Results ar reported in Tabl 
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Exampi 6 

The following procedure shows interaction between herbicid and antidote when both are incorporated in 
a soil cover layer before emergnece of crop and weed species. Containers were filled and compacted with a 
fumigated silt loam top soil to a depth of about 1.3 cm from the top of the container. A first container was desig- 
nated as an untreated control, a second container was designated as a herbicide control, and a third container 
was designated as a herbicide + antidote test container. Each of the containers was seeded with a crop species. 
A measured amount of herbicide dispersed or dissolved in acetone was applied to a measured quantity of soil. 
To this same quantity of soil treated with herbicide, there was added a measured amount of antidote dispersed 
or dissolved in acetone. The quantity of soil treated with the herbicide and antidote was thoroughly mixed to 
incorporate the herbicide and antidote in the soil uniformly. The seed bed in the third container of soil was cov- 
ered with the sofl treated with the herbicide and antidote and the container was leveled. For each test series, 
the seed beds of the first and second containers were likewise covered by sofl layers. The cover layer of the 
first container was not treated with herbicide or antidote. The cover layer of the second container had a 
measured quantity of herbicide alone incorporated therein, the containers were then placed on a bench in a 
greenhouse and sub-irrigated as requ ired for the duration of the test Plant response was observed about three 
weeks after initial treatment Results are reported in Table 2. 
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Example 7 



The following procedure shows interaction betwe n herbicide and antidote when applied together as a mixt- 
ure before emergence of the crop and weed species, simulating a "tank-mixture" application. Containers were 

5 filled and compacted with fumigated silt loam top soB to a depth of about 1.3 cm from the top of the container. 
A first container was designated as an untreated control, a second container was designated as a herbicide 
control, and a third container was designated as a herbicide + antidote test container. Each of the containers 
was seeded with both crop plant and weed species. The herbicide (imazaquin) and the herbicide + antidote 
test mixture were applied to the seeded containers either by a procedure of topical application to a soil layer 

10 placed over the seed bed followed by watering to achieve incorporation, or by a procedure of incorporation into 
soil and then placement of the treated soil into the container over the seed bed. The containers were then placed 
on a greenhouse bench, and sub-irrigated as required for the duration of the test Plant response was observed 
about three weeks after initial treatment Results are reported in Table 3. 

15 TABLE 3 

% Plant Inhibition 

Herb Antidote % Inhibition 

No. 1 No. 
20 Kg/Ha 0.56 Kg/Ha Corn Sorghum Wheat Rice Soybeans 
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Summarizing th data in Table 3 it is shown that com, wheat, rice and sorghum were significantly saf ned 
against the herbicidal activity of imazaquin (H rbicide N . 1) by ne or more of the antidotes in the test S y- 
beansweren t significantly injured by the herbicid , h nee preventing evaluation f the antidotes. Imazaquin 
injury on com at 1.12 kg/ha was reduced from an averag of 50% to an average of 26% for Antid te Nos. 2, 
5 4, 9 and 1 6. Sorghum injury by imazaquin was reduced from 50% to an average of 28% at 0.56 kg/ha by Anti- 
dotes Nos. 2, 8, 9, 77 and 17. Wheat injury by the herbicide was reduced from an average of 45% to 18% at 
0.56 kg/ha by Antidotes Nos. 2, 8 and 14. And rice injury was reduced from an average of 55% to an average 
of 35% when Antidote No. 77 (0.56kg/ha) was mixed with 0.56 kg/ha of the herbicide. 

Overall, com and sorghum, were more susceptible to safening against the herbicide than rice and wheat 

10 

Example 8 

The following procedure was used to determine the interaction between a herbicide (imazaquin) and vari- 
ous antidotes when the herbicide is topically applied to crop seed. Crop plant seed may be treated with the 

15 antidote either by contacting the seed with antidote in powder form or by contacting the seed with solution or 
suspension of antidote compound dissolved or suspended in a suitable solvent typically methylene chloride 
or toluene. Relative amounts of antidote compound and seed are used to provide an antidote-on-seed concen- 
tration, on a percent weight/weight basis, typically within the range of about 0.03 to 0.13%. Containers were 
filled and compacted with fumigated silt loam type soil to a depth of about 1 .3 cm from the top of the container. 

20 A first container was designated as an untreated control, a second container was designated as a herbicide 
control, and a third container was designated as a herbicide + antidote test container. Untreated crop seed was 
placed in the first and second containers. Antidote-treated crop seed was placed in the third container. Then, 
each of the second and third containers was filled and leveled with a cover layer of soil having incorporated 
therein the selected herbicide at a redetermined concentration. The first container was filled and leveled with 

25 soil containing no herbicide. All containers were given about 0.6 cm of overhead water to simulate an activating 
rainfall. The containers were placed on a greenhouse bench and sub-irrigated as required for the duration of 
the test Plant response was observed about three weeks after initial treatment 

in Table 4, the herbicide was applied in the preplanted so9-incorporated mode with the antidote-coated 
seed as described above and in Table 4A, the herbicide was applied in a postemergence mode when the com 

30 was in the 2-Jeaf stage (7-8 cm) and the sorghum was in the 3-leaf stage (6-8 cm). 

In this example, the antidotes were coated onto Pioneer com seed and DeKalb sorghum seed for testing 
with imazaquin herbicide. Test results are shown in Tables 4 and 4A. The percent injury values shown for the 
herbicide treatment only (no antidote) are averages of six replications. 
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TABLE 4 
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Anti dote 




5 


No. 1 


No. 






Kg/Ha 
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% Inhibition 

-om DeKalb Sorghum 

0 
60 
75 
85 

0 
50 
60 
75 

0 
55 
50 
80 

0 
50 
50 
80 

0 
55 
65 
85 

0 
60 
70 
80 

0 
60 
75 
65 

0 
60 
60 
70 



50 



55 



298 



BP 0 436 483 A2 
TABLE 4A 

SEED TREATMENT - POSTEMERGENCE -TREATMENT 
Herb Antidote % Inhibition 

No . 1 No . 

Kg/Ha 0.125 % w/w Pioneer Corn DeKalb Sorghum 
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45 

Referring to the data in Tables 4 and 4A, it appears that com was not slgnificantiy safened in this test. How- 
ever, some sorghum safening was observed with both preplant incorporated (PPI) and postemergence appli- 
cations of the herbicide on treated seed. Although replicates were somewhat erratic, when averaged, Antidote 
No. 3, 7, 13, 14 and 16 demonstrated significant safening against imazaquin applied PPI and/or postemerg- 
50 ence. 

Sorghum injury levels were reduced from a range of 75%-85% to a range of 50%-65% for imazaquin at 
1.12 kg/ha applied PPI or postemergence. 

Example 9 

55 

This exampl follows the proc dure described in Exampl 6, but uses certain modifications thereof. These 
procedur s are designed to test the interaction betwe n herbicide and antidot wh n both are incorporat d In 
a soil cover layer b fore emergence of crop and weed species. The imidazoiinone herbicide in this example 
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was No. 4 (imazethapyr) mixed with acetochlor as a co-herbicide. The numbered antidotes are identified above. 

C ntainers were fill d and compacted with a fumigat d silt loam top sofl to a depth of about 1.3 cm from 
th top of the container. A first container was designated as an untreated control, a second container was desig- 
nated as a herbicide control, and a third container was designated as a herbicide + antidote test container. Each 
of the containers was seeded with a crop species. A measured amount of each herbicide dispersed or dissolved 
in acetone or water was applied to a measured quantity of soil. To this same quantity of soQ treated with her- 
bicide, there was added a measured amount of antidote dispersed or dissolved in acetone or water. The quantity 
of soil treated with the herbicide and antidote was thoroughly mixed to incorporate the herbicide and antidote 
in the soil uniformly. The seed bed in the third container of soil was covered with the soil treated with the her- 
bicide and antidote and the container was leveled. For each test series, the seed beds of the first and second 
containers were likewise covered by sofl layers. The cover layer of the first container was not treated with her- 
bicide or antidote. The cover layer of the second container had a measured quantity of both herbicides alone 
incorporated therein. Each container received 0.6 cm overhead irrigation. The containers were then placed on 
a bench in a greenhouse and sub-irrigated as required for the duration of the test Plant response was observed 
about three weeks after initial treatment Results are reported in Table 5, wherein the weeds in the test, redroot 
pigweed and barnyardgrass have the symbols W RRP" and "BYG\ respectively. The first three treatments (with- 
out the antidote are the average of three replications and all others one replication. 
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Table 5 



Herbicide 



5 


Acetochlor 


No. 4 


Antidote 


% 


Injury 






Rate 


(Kg/Ha) 


No. 


Kg/Ha 


Corn 


RRP 


BYG 




4.48 








45 


100 


100 


10 




0.56 






85 


100 


80 




4.48 
™ 


0.56 
- 


1 


8.96 


100 
0 


100 
0 


100 
0 


15 


4.48 
4.48 


— ■ 
** 




2.24 
8.96 


0 
20 


0 

100 


0 

100 






0.56 




2.24 


15 


0 


90 






0.56 




8.96 


20 


90 


95 


20 


4.48 


0.56 




2 .24 


40 


100 


100 




4.48 


0.56 




8.96 


15 


100 


100 




— 


— 


3 


8.96 


35 


0 


0 


25 


4.48 




3 


2.24 


0 


100 


100 


4.48 




3 


8.96 


30 


100 


100 






0.56 


3 


2.24 


40 


25 


85 






0.56 


3 


8.96 


40 


100 


80 


30 


4.48 


0.56 


3 


2.24 


60 


100 


100 




4.48 


0.56 


3 


8.96 


40 


100 


100 








5 


8.96 


0 


0 


0 


35 


4.48 




5 


2.24 


60 


100 


100 




4.48 




5 


8.96 


25 


100 


100 






0.56 


5 


2.24 


60 


100 


100 


40 


4.48 


0.56 
0.56 


5 


8 .96 
2.24 


20 
90 


90 
100 


85 
100 




4.48 


0.56 


5 


8.96 


55 


100 


100 








4 


8.96 


15 


0 


0 


45 


4.48 




4 


2.24 


35 


100 


100 




4.48 




4 


8.96 


35 


100 


100 






0.56 


4 


2.24 


10 


0 


75 


50 




0.56 


4 


8.96 


5 


30 


85 




4.48 


0.56 


4 


2.24 


50 


100 


100 




4.48 


0.56 


4 


8.96 


35 


100 


100 



55 
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Table 5 (continued) 

Herbicide 



5 


Acetochlor 


No. 4 


Antidote 


% 


Injury 




Rate 


(Kg/Ha) 


No. 


Kg/Ha 


Corn 


RRP 


BYG 




- 


- 


9 


8.96 


0 


100 


75 


10 


4.48 




9 


2.24 


55 


100 


100 


4.48 




9 


8.96 


10 


100 


100 




_ 


0.56 


9 


2.24 


10 


20 


80 






0.56 


9 


8.96 


20 


90 


85 


15 


4.48 


0.56 


9 


2.24 


50 


100 


100 




4.48 


0.56 


9 


8.96 


60 


100 


100 




_ 


_ 


13 


8.96 


0 


100 


0 


20 


4.48 




13 


2.24 


5 


100 


100 




4.48 




13 


8.96 


0 


100 


100 


• 




0.56 


13 


2.24 


30 


15 


65 




• 


0.56 


13 


8.96 


20 


0 


95 


25 


A. 48 


0.56 


13 


2.24 


65 


100 


100 




4.48 


0.56 


13 


8.96 


35 


100 


100 






_ 


18 


8.96 


0 


100 


90 


30 


4.48 




18 


2.24 


20 


100 


100 




4.48 




18 


8.96 


0 


100 


100 




_ 


0.56 


18 


2.24 


5 


25 


70 


35 


4.48 


0.56 
0.56 


18 
18 


8.96 
2.24 


20 
25 


85 
100 


85 

AW 




4.48 


0.56 


18 


8.96 


10 


100 


100 








19 


8.96 


0 


100 


85 


40 


4.48 




19 


2.24 


0 


100 


100 




4.48 




19 


8.96 


10 


100 


100 






0.56 


19 


2.24 


15 


100 


85 


45 




0.56 


19 


8.96 


15 


10 


15 




4.48 


0.56 


19 


2.24 


25 


100 


100 




4.48 


0.56 


19 


8.96 


5 


100 


100 



so Overall, Antidote No. 19 was the most active, followed closely by Antidote No. 18. These antidotes both 
reduced injury to corn by combinations of 4.48 kg/ha of acetochlor and 0.56 kg/ha of Herbicide No. 4 
(imazethapyr) from 92% to 25% at 2.24 kg/ha. 

Example 10 

55 

This test was conducted to valuate the antid tal (safening) ffect of a number of antidotes against com- 
binations of imazethapyr and metoiachlor in com in the presence of the weeds redroot pigweed (RRP) and bar- 
nyardgrass (BYG). 
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Th test procedur here was the same as that described in Example 9. Percent injury valu st the plants 
treated with herbicide formulations containing no antidote represent averages of three replications, while per- 
cent injuries resulting from antidote-containing formulations are based on one replicate. Test results are shown 
in Table 6. 

Table 6 

Herbicide 



Metolachlor No. 4 Antidote % Injury 



10 



20 



25 



30 



Rate 


(Kg/Ha) 


No. 


Kg/Ha 


Corn 


RRP 


BYG 


8*96 








40 


90 


100 




0 . 56 






88 


75 


100 


8 . 96 


0 • 56 






95 


100 


lOO 






1 


8.96 


0 


0 


0 


8.96 




1 


2.24 


0 


90 


100 


8.96 




1 


8.96 


5 


100 


100 




0.56 


1 


2.24 


85 


80 


100 




0.56 


1 


8.96 


75 


85 


100 


8.96 


0.56 


1 


2.24 


90 


100 


100 


8.96 


0.56 


1 


8.96 


90 


100 


100 






22 


8.96 


0 


0 


0 


8.96 




22 


2.24 


0 


100 


100 


8.96 




22 


8.96 


0 


100 


100 




0.56 


22 


2.24 


95 


60 


95 




0.56 


22 


8.96 


95 


75 


100 
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Table 6 (continued) 



Herbicide 



5 


Metolachlor 


No. 4 


Antidote 




% injury 




Rate 


( Kg/Ha ) 


No. 


K<?/Ha 




RRP 


BYG 




8 . 96 


0.56 


22 


2 • 24 


95 


100 


100 


10 


8.96 


0.56 




O Q £L 

o . y O 


85 


100 


100 








OA 


fi OA 


0 


0 


0 




8.96 






2 . 24 


20 


100 


100 




8.96 




O/l 


Q AC 

8 . 96 


10 


100 


100 






0.56 


O /I 

24 


2 .24 


75 


65 


100 






0.56 


OA 


Q Q£ 
O • 70 


65 


55 


20 




8. 96 


0.56 




O O/I 

2 • 24 


80 


95 


100 


20 


8.96 


0.56 


24 


8 . 96 


80 


100 


100 










D CkC 
O . 96 


0 


0 


0 




8.96 






2 .24 


0 


100 


100 


25 


8.96 




4 


8 . 96 


0 


95 


100 




0.56 


4 


2 .24 


75 


60 


100 






0.56 




o . 96 


75 


65 


95 




8.96 


0.56 


4 


2 .24 


95 


100 


100 


30 


8.96 


0.56 




O d£. 

8 . 9o 


90 


100 


100 










o • yo 


5 


100 


60 




8.96 






O OA 
Z • Zfr 


15 


100 


100 


35 


8.96 






o • yo 


25 


100 


100 






0.56 


5 


2.24 


75 


90 


95 




- 


0.56 


C 


o . yo 


50 


100 


100 




8.96 


0.56 




O OA 

2 . 24 


70 


100 


100 


40 


8.96 


0.56 


5 


8.96 


80 


100 


100 








7 


8.96 


0 


100 


0 




8.96 




7 


2.24 


0 


100 


100 


45 


8.96 




7 


8.96 


25 


100 


100 






0.56 


7 


2.24 


80 


100 


100 






0.56 


7 


8.96 


65 


100 


100 


50 


8.96 
8.96 


0.56 
0.56 


7 
7 


2.24 
8.96 


90 
75 


100 
1O0 


100 - 
100 








9 


8.96 


0 


0 


30 




8.96 




9 


2.24 


0 


100 


100 
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Herbicide 



Metolachlor No. 4 Antidote % Injury 



10 



20 



25 



30 



35 



Rate 


(Kg/Ha) 


No. 


Kcr/Ha 


Corn 


RRP 


BYG 


8.96 


- 


9 


8.96 


0 


100 


100 


- 


0.56 


9 


2.24 


70 


100 


100 


- 


0.56 


9 


8.96 


80 


100 


100 


8.96 


0.56 


9 


2.24 


80 


100 


100 


8.96 


0.56 


9 


8.96 


80 


100 


100 




- 


13 


8.96 


50 


0 


0 


8.96 


- 


13 


2.24 


0 


95 


100 


8.96 


- 


13 


8.96 


0 


100 


100 


- 


0.56 


13 


2.24 


75 


85 


95 


- 


0.56 


13 


8.96 


65 


65 


95 


8.96 


0.56 


13 


2.24 


90 


100 


100 


8.96 


0.56 


13 


8.96 


75 


100 


100 


- 


- 


18 


8.96 


0 


50 


85 


8.96 


• 


18 


2.24 


0 


100 


100 


8.96 


- 


18 


8.96 


0 


100 


100 


- 


0.56 


18 


2.24 


80 


80 


95 




0.56 


18 


8.96 


80 


95 


95 


8.96 


0.56 


18 


2.24 


95 


100 


100 


8.96 


0.56 


18 


8.96 


85 


100 


100 






19 


8.96 


10 


0 


0 


8.96 




19 


2.24 


5 


95 


100 


8.96 




19 


8.96 


0 


95 


100 




0.56 


19 


2.24 


50 


95 


95 




0.56 


19 


8.96 


75 


85 


95 


8.96 


0.56 


19 


2.24 


95 


100 


100 


8.96 


0.56 


19 


8.96 


60 


100 


100 



Although injury to com was in most instances severe, some safening was observed. For example, 8.96 
kg/ha of Antidote No. 19 reduced herbicidal injury from 95% to 60% against a combination of 8.96 kg/ha of 
metolachlor and 0.56 kg/ha of imazethapyr. It was concluded that the test rates for these herbicides were too 
so high due to their high unit activity and that increased antidote rherbicide ratios would further enhance antidotal 
activity and crop plant protection. 

Example 11 

55 This example illustrates the safening effect of several antidotes against a combination of Herbicide No. 5 
(AC-263222) with metolachlor as the co-herbicide. 

The procedur of this example was the same as described in the prec ding example, Including the crop 
and weeds and number of r plications to btain the stated percent injury average values. However, the applW 
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cation rate of the imidazolinone compound was reduced in view of other data indicating high unit activity for 
this class of compounds requiring smaller amounts thereof and/or higher antidote :h rbicide ratios. Test data 
ar shown in Table 7. 

Table 7 



Herbicide 



Metolachlor 


No. 5 


Antidote 




% Injury 


Rate 


(Kg/Ha) 


No. 


Kq/Ha 


Cora 


RRP 


BYG 


8.96 








52 


100 


100 




0.56 






28 


75 


95 


8.96 


0.56 






93 


100 


100 






1 


8.96 


10 


0 


0 


8.96 




1 


2.24 


5 


95 


100 


8.96 


mm 


1 


8.96 


10 


90 


100 




0.56 


1 


2.24 


25 


65 


95 




0.56 


1 


8.96 


15 


80 


85 


8.96 


0.56 


1 


2.24 


85 


100 


100 
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Table 7 (continued) 



Herbicide 



Metolachlor 
Rate 


NO. 4 
(Ka/Ha) 


Antidote 




% injury 


WO • 


Kg/Ha 


Corn 


xutxr 




8.96 


0.56 


1 


8.96 


90 


100 


100 


- 


- 


22 


8.96 


0 


0 


0 


8.96 


- 


22 


2.24 


0 


95 


100 


8.96 


- 


22 


8.96 


0 


95 


100 


- 


0.56 


22 


2.24 


40 


85 


95 


- 


0.56 


22 


8.96 


60 


85 


95 


8.96 


0.56 


22 


2.24 


65 


100 


100 


8.96 


0.56 


22 


8.96 


30 


100 


100 


- 


- 


24 


8.96 


0 


0 


0 


8.96 


mm 


24 


2.24 


0 


100 


100 


8.96 


- 


24 


8.96 


15 


100 


100 


mm 


0.56 


24 


2.24 


10 


100 


90 


- 


0.56 


24 


8.96 


40 


55 


90 


8.96 


0.56 


24 


2.24 


45 


100 


100 


8.96 


0.56 


24 


8.96 


30 


100 


100 


- 


- 


4 


8.96 


5 


0 


0 


8.96 


- 


4 


2.24 


15 


85 


100 


8.96 


- 


4 


8.96 


10 


95 


100 


- 


0.56 


4 


2.24 


20 


60 


80 


- 


0.56 


4 


8.96 


25 


45 


85 


8.96 


0.56 


4 


2.24 


60 


100 


100 


8.96 


0.56 


4 


8.96 


60 


100 


100 


- 




5 


8.96 


5 


100 


0 


8.96 


- 


5 


2.24 


25 


95 


100 


8.96 


— 


5 


8.96 


20 


95 


100 




0.56 


5 


2.24 


10 


70 


70 




0.56 


5 


8^96 


15 


90 


90 


8.96 


0.56 


5 


2.24 


25 


100 


100 


8.96 


0.56 


5 


8.96 


0 


85 


0 






7 


8.96 


0 


85 


0 


8.96 




7 


2.24 


30 


95 


100 


8.96 




7 


8.96 


5 


100 


100 




0.56 


7 


2.24 


60 


100 


100 
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Table 7 (continued) 



Herbicide 



5 


Me to 1 achl or 


No. 4 


Antidote 




% Injury 




Rate 


(Kg/Ha) 


No. 


Kg/Ha 


Corn 


RRP 


BYG 








7 


8.96 


ZD 


100 


100 




8.96 


0.56 


7 


2.24 


AC 
iJ 


100 


100 


10 


8.96 


0. 56 


7 


8.96 


ZD 


100 


100 








9 


8.96 


U 


90 


15 




8.96 




9 


2.24 


u 


100 


100 


15 


8.96 




9 


8.96 


u 


100 


100 








9 


2.24 


0 


70 


80 








9 


8.96 




90 


90 


20 


8 .96 




9 


2.24 


ZD 


100 


100 


8 . 96 


V • DO 


9 


8.96 


75 


100 


100 








13 


8.96 


0 


0 


0 




8.96 




13 


2.24 


10 


100 


100 


25 


8.96 




13 


8.96 


D 


100 


100 






w • DO 


13 


2.24 


5 


50 


80 






0 . 56 


13 


8.96 


Id 


90 


90 


30 


8.96 


0 . 56 


13 


2.24 


AA 


100 


100 




8.96 


0.56 


13 


8.96 


AA 


100 


100 








18 


8.96 


0 


0 


0 




8.96 


mm 


18 


2.24 


D 


95 


100 


35 


8.96 




18 


8.96 


E 
D 


100 


100 






0.56 


18 


2.24 


-LD 


85 


90 






0.56 


18 


8.96 


-LU 


95 


90 


40 


A OA 


U . 3D 


18 


2.24 


70 


100 


100 




8.96 


0.56 


18 


8.96 


65 


100 


100 








19 


8.96 


10 


0 


0 


45 


8.96 
8.96 




19 
19 


2.24 
8.96 


10 
0 


95 
100 


100 
100 






0.56 


19 


2.24 


0 


80 


80 






0.56 


19 


8.96 


35 


85 


90 


50 


8.96 


0.56 


19 


2.24 


10 


100 


100 




8.96 


0.56 


19 


8.96 


40 


100 


100 



Again, as In th preceding taW , it is n ted that whil crop injury was severe with many combinati ns of 
55 the test herbicides, a number of antid tes were f und to demonstrate saf ening ffect against som of those 
combinations. Again, Antidote N . 1 9 was most efficacious, reducing h rbicidal injury to com from 93% to 1 0% 
at the 2.24 kg/ha rate against a combinati n of metolachlor at 8.96 kg/ha mixed with 0.56 kg/ha of AC-263222. 
Further adjustments in antidote-to-herbicide rates ar indicated as desirable. 
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ExampI 12 

This xampl describes th antidotal effect of various antidotal compounds against imazaquin and 
metolachlor as co-herbicide. 

The test procedure used in this example was the same as that described in Example 1 1 . Test data for the 
experiments In this example are shown in Table 8. 

Table 8 



Herbicide 



Metolachlor 
Rate 


No. 5 
(Kg/Ha) 


Antidote 




Injury 


No. 


Kg/Ha 


Corn 


RRP 


BYG 


8.96 








28 


95 


100 










8 


12 


23 


8.96 


0.07 






40 


100 


100 






1 


8.96 


15 


0 


0 


8.96 




1 


2.24 


0 


100 


100 


8.96 




1 


8.96 


0 


100 


100 




0.07 


1 


2.24 


0 


25 


10 




0.07 


1 


8.96 


0 


20 


80 


8.96 


0.07 


1 


2.24 


0 


100 


100 


8.96 


0.07 


1 


8.96 


0 


10 


100 






3 


8.96 


0 


0 


0 


8.96 




3 


2.24 


15 


95 


100 


8.96 


mm 


3 


8.96 


0 


100 


100 
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Table 8 (continued) 



Herbicide 



Metolachlor No. 4 
Rate (Kg/Ha) 


Antidote 




% Injury 


NO. 


Kg/Ha 


Corn 


RRP 


BYG 




0.07 


3 


2.24 


0 


10 


20 




0.07 


3 


8.96 


0 


0 


0 


8.96 


0.07 


3 


2.24 


25 


100 


100 


8.96 


0.07 


3 


8.96 


15 


100 


100 


— 


— 


5 


8.96 


0 


0 


0 


8.96 




5 


2.24 


30 


90 


100 


8.96 




5 


8.96 


10 


100 


100 




0.07 


5 


2.24 


o 


50 


75 


_ 


0.07 


5 


8.96 


o 


85 


10 


8.96 


0.07 


5 


2.24 


20 


100 


100 


8.96 


0.07 


5 


8.96 


o 


100 


100 


— 


— 


4 


8.96 


o 


0 


0 


8.96 




4 


2.24 


o 


100 


100 


8.96 


— 


4 


8.96 


15 


100 


100 




0.07 


4 


2.24 


0 


10 


10 




0.07 


4 


8.96 


o 


15 


25 


8,96 


0.07 


4 


2.24 


o 


100 


100 


8.96 


0.07 


4 


8.96 


10 


100 


100 


mm 




9 


8.96 


0 


0 


0 


8.96 




9 


2.24 


15 


100 


100 


8.96 




9 


8.96 


0 


100 


100 




0.07 


9 


2.24 


5 


55 


80 




0.07 


9 


8.96 




40 


10 


8.96 


0.07 


9 


2.24 


0 


100 


100 


8.96 


0.07 


9 


8.96 


5 


100 


100 






13 


8.96 


0 


0 


0 


8.96 




13 


2.24 


0 


100 


100 


8.96 




13 


8.96 


0 


100 


100 




0.07 


13 


2.24 


5 


80 


15 




0.07 


13 


8.96 


5 


100 


5 


8.96 


0.07 


13 


2.24 


0 


100 


100 


8.96 


0.07 


13 


8.96 


0 


100 


100 
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Table 8 (continued) 
Herbicide 



Metolachlor Wo. 4 Antidote % Injury 



Rate 


(Kq/Ha) 


No. 


Kg/Ha 


Corn 


RRP 


BYG 


cm 




18 


8 96 


o 




A 
\J 


8.96 




18 


2 24 


o 


100 

a. w v 


100 


8.96 




18 


ft Q6 


■J 


1 Oft 

X w U 






0.07 


18 


2 24 


o 

V 


o 






0,0/ 


18 


8 . 96 


0 


70 


85 


8.96 


0,07 


18 


2.24 


0 


100 


100 


8.96 


0.07 


18 


8.96 


0 


100 


100 






19 


8.96 


0 


0 


0 


8.96 




19 


2.24 


0 


90 


100 


8.96 




19 


8.96 


0 


100 


100 




0.07 


19 


2.24 


5 


85 


25 




0.07 


19 


8.96 


10 


10 


25 


8.96 


0.07 


19 


2.24 


10 


100 


100 


8.96 


0.07 


19 


8.96 


0 


95 


100 



In the test of Example 12 the data in Table 8 show that good safenlng against the imazequin/metolachlor 
combination while maintaining good weed control. This improved safening effect may be due in part to reduced 
rates of the high unit activity of imazaquin resulting in higher antidote :herbicide ratios. 

Example 13 

In the test described in this example, an objective was to determine the antidotal effect of a variety of anti- 
dotes on the combination of imazaquin containing acetochlor as co-herbicide. The test procedure here was the 
same as in preceding examples, but using an application rate of 0.14 kg/ha of the imidazoline and 4.48 kg/ha 
of acetochlor. Test results are shown in Table 9. 
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Table 9 



Herbicide 



Metolachlor 


No. 1 


Antidote 


O 


£ Injury 


Rate 


(Kq/Ha) 


No. 


Kq/Ha 


Corn 


RRP 


BYG 


4.48 




- 


- 


40 


100 


100 




0.14 


- 


- 


95 


83 


88 


4.48 


0. 14 


- 


- 


100 


100 


100 






3 


8.96 


5 


0 


0 


4.48 




3 


0.56 


5 


100 


100 


4.48 




3 


2.24 


o 


100 


100 


4.48 




3 


8.96 


o 


100 


100 




0.14 


3 


0.56 


65 


50 


95 




0. 14 


3 


2.24 


95 


100 


85 




0. 14 


3 


8.96 




35 


95 


4.48 


0 14 


3 


0.56 




95 


100 


4.48 


0. 14 


3 


2.24 




95 


100 


4.48 


0.14 


3 


8.96 


90 


100 


100 






5 


8.96 


o 


0 


0 


4.48 




5 


0.56 


25 


95 


100 


4.48 




5 


2.24 


15 


100 


95 


4.48 




5 


8.96 


5 


100 


100 




0.14 


5 


0.56 


80 


90 


10 




0.14 


5 


2.24 


90 


90 


50 




0.14 


5 


8.96 


75 


85 


85 


4.48 


0.14 


5 


0.56 


95 


95 


100 


4.48 


0.14 


5 


2.24 


95 


100 


100 


A Aft 




5 


8.96 




100 


100 






4 


8.96 


0 


0 


85 


4.48 




4 


0.56 


0 


100 


100 


4.48 




4 


2.24 


0 


100 


100 


4.48 




4 


8.96 


0 


90 


100 




0.14 


4 


0.56 


30 


100 


95 




0.14 


4 


2.24 


45 


95 


95 




0.14 


4 


8.96 


45 


95 


90 


4.48 


0.14 


4 


0.56 


90 


100 


100 


4.48 


0.14 


4 


2.24 


90 


90 


100 
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Table 9 (continued) 



Herbicide 



l*Jt5 uUXCllrfilX wx 

Rate 


WO . X 

(Kg/Ha) 


Antidote 




% Injury 


No. 


Kg/Ha 


Corn 


RRP 


BYG 


A AO 


A 1 A 
V . 14 


4 


8 . 96 


90 


100 


100 

X WW 


A Aft 

4 • 4o 




9 


8.96 


V 


90 


n 


A AQ 
4 • 4© 




q 




0 




i nn 

xuu 


A AO 

4 . 4o 




9 


2 24 


5 


90 


100 

X V/ V 


A AO 

4 • 4o 




q 


ft Qfi 


0 


cn 
Z>V 


i nn 




0 . 14 


Q 

-7 


ft Qfi 


80 


on 


ftn 

oU 




0 . 14 


C 


? ?A 


60 


i nn 

J.UU 


QC 




A 1/1 

0 • 14 


Q 


ft 96 


60 


i nn 


QC 


A AO 
4 ♦ 4o 


U . 14 


Q 




95 




i nn 


4.48 


0 .14 


Q 


? 9A 


95 


QC 


i nn 

xUU 


/I /I o 

4. 48 


0 . 14 


Q 


ft Qfi 


70 


QC 

yo 


i nn 
1U u 






1 3 


ft Qf% 


0 


A 

u 


n 


4 .48 






W . JU 


0 


i nn 


i nn 

X w V 


A AO 

4 • *ktS 




13 


2 24 


0 


n nn 

Xvw 


i no 

X W V/ 


A AO 

4 • 4o 




13 


8 96 

W- . 7W 


0 




100 

X V v 






13 


0.56 


Q C 


85 


95 




A 1 A 
U . 14 


13 


2.24 


*7 A 


95 


80 




A 1 A 
V . x4 


13 


8. 96 


4i> 


90 


o 


A AO 
*x • **0 


n 1 A 


13 


0.56 


DC 


95 


100 


A 4ft 


Ck 1 A 


13 


2.24 


Q C 


100 


100 


A Aft 


n i a 

U • 14 


13 


8. 96 


A A 


100 


100 






lo 


o . 96 


0 


C A 

50 


0 


4.48 




18 


0.56 


0 


90 


100 


4.48 




18 


2,24 


0 


95 


100 


4.48 




18 


8.96 


0 


70 


100 




0.14 


18 


0.56 


80 


100 


0 




0.14 


18 


2,24 


85 


100 


95 




0.14 


18 


8.96 


35 


35 


80 


4.48 


0.14 


18 


0.56 


95 


100 


100 


4.48 


0.14 


18 


2.24 


90 


100 


100 


4.48 


0.14 


18 


8.96 


95 


100 


100 



The data in Table 9 indicate high corn injury making antidote valuation difficult However, Antidote No. 
19wasagainth mostactiv compound in the test, exhibiting moderate safening of th herbicidal combination 
of 4.48 kg/ha of acetochlor and 0.14 kg/ha of imazaquin from 100% to 65% at 0.56 kg/ha. 

Herbicidal formulations of the types described above may be exemplified in several illustrate embody 
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Suspension Concentrates 



Imazaguin 
AD-67 

Nonylphenol ethoxylate 9.5 

mole EO Sterox NJ 
Sodium lignosulfonate 

(Reax 88B) 
Water 

Imazapyr 

Antidote No. 1 

Potassium salt of napthalene 
sulfonate formaldehyde 
condensate (DAXAD llg) 
Nonylphenol ethoxylate 
10 mole EO 
(Igepal CO-660) 

Water 



Weight Percent 
16.0 
16.0 

5.8 

4.2 
58,0 
100.0 

32.5 
11.0 



3.0 



4.0 
49.5 
100.0 
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Weight Percent 



AC-222293 10.0 

Antidote No. 4 15.0 
Sodium dioctyl sulfosuccinate 

Aerosol OT-B 3.0 
Castor oil + 36 Ethylene 

oxide (FloMo 3G) 4.0 

Methanol 70.0 



100.0 



II . Suspoemulsions 



Imazethyr 10.0 

AD-67 15.0 

Acetochlor 20.0 
Calcium dodecylbenzene 

sul f onate/polyoxyethylene 

ethers blend (e.g., 

Atlox= 3437F) 5.0 
Calcium dodecylbenzene 

sulfonate (FloMo 60H) 2.0 
Sodium salt of a polymerized 

alkyl napthalene sulfonic acid 

(Daxad 1G) 3.0 

Water 45.0 

100.0 



Imazethapyr 20.0 

Antidote No. 1 25.0 

Metolachlor 15.0 
Calcium dodecyl sulfonate/ 

alkyl aryl polyether alcohol 

blend 4.0 
Sodium Lignosulfonate 

(Marasperse N-22) 2.10 

Water 34.0 

100.0 
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Weight Percent 
AC-263222 15.0 
Antidote No. 19 11.25 
Me to 1 achl or 30.0 
Calcium dodecylbenzene 

sulfonate/polyoxyethylene 

ethers blend (Atlox® 3437F) 4.0 
Sodium dioctyl sulfosuccinate 

Aerosol OT 3.0 
Wat «r 36.75 

100.0 



Imazaquin 10.0 

Antidote No. 13 10.0 

Acetochlor 25.0 

Atlox 343 7F 4.0 
Sodium salt of a condensed 

napthalene sulfonic acid 

(Tamol SN) 3.0 

Water 48. 0 



100.0 



Imazaquin 2.5 

Antidote No. 18 15.0 

Alachlor 10.0 

Monochlorobenzene 4 . 0 

Atlox 343 7F 4.0 
Sodium lignosulfonate 

(Reax 88B) 3.0 

Water 61.5 



100.0 



III. Liquid Concentrates 



AC-263222 10. 0 

Antidote No. 9 20.0 
Xylene 70.0 

100.0 
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50 



B . I mazethapyr 

Antidote No, 13 
Dimethyl sulfoxide 



Weight Percent 
25.0 
25.0 
50.0 
100.0 



10 



15 



20 



25 



C. AC-222293 

Antidote No. 1 
N-methylpyrrolidone 



D. Imazapyr 

Antidote No. 4 
Ethoxylated castor oil 
Rhodamine B 
Dimethyl f ormamide 



30.0 
40.0 
30.0 
100.0 

5.0 
10.0 
15.0 
.5 
69.5 
100.0 



30 



35 



40 



45 



E. Imazaguin Sodium salt 
Acetochlor 
Atlox 3437F 
Water 



F. Imazapyr sodium salt 
Antidote No. 19 
Metolachlor 

Calcium dodecylsulfonate 

polyether alcohol blend 
Water 



5.0 
15.0 

5.0 
75.0 
100.0 

10.0 
20.0 
15.0 

4.0 
51.0 
100.0 
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Weight Percent 

IV. Wettable Powders 



Imazaquin 35.0 
Antidote No. 6 25,0 
Sodium lignosulfonate 3.0 
Sodium N-methyl-N-oleyl-taurate 1.0 
Amorphous silica (synthetic) 36.0 

100.0 

AC-222293 15.0 
Antidote No. 2 20.0 
Sodium dioctyl sulfosuccinate 2.75 
Calcium lignosulfonate 1.25 
Amorphous silica synthetic 51.00 

100.0 

AC-263222 10.0 
Antidote No. 4 15.0 
Sodium lignosulfonate 2.0 
Sodium N-methyl-N-oleyl- 

taurate 1 . 0 

Kaolinite clay 72.0 

100.0 
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Weight Percent 

V. Dusts 



Imazapyr 2.0 
Antidote No. 5 5.0 
Attapulgite 93 * 0 

100.0 

Imazethapyr 10 . 0 

Antidote No. 18 30.0 
Montraorillonite 60.0 

100.0 

Imazaguin 15.0 
Antidote No. 18 15.0 
Bentonite 70.0 

100.0 

Imazapyr 2 . 0 

Antidote No. 19 10.0 
Diatomaceous earth 78.0 

100.0 

VI. Granules 

Imazaguin 8.0 
Antidote No. 13 16.0 
Granular attapulgite (20/40 mesh) 76.0 

100.0 
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Imazapyr 
Antidote No. 15 
Diatomaceous earth 20/40 

Imazethapyr 
Antidote No. 20 
Bentonite (20/40) 

AC-222293 
Antidote No. 35 
Pyrophyllite (20/40) 

VII . Microcapsules 

Imazaguin 

Acetochlor encapsulated in a 

polyurea shell wall 
Antidote No. 19 
Reax® C-21 
Water 



Weight Percent 
12.0 
15.0 
73.0 
100.0 

5.0 
10.0 
85.0 
100.0 

15.0 
15.0 
70.0 
100.0 



5.0 

16.0 
20.0 
5.0 
54.0 
100.0 
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Weight Percent 

B. Imazapyr 4,5 
Alachlor encapsulated in a 

polyurea shell wall 15.0 

AD-67 15.0 

™ Treax, LTM® 3.0 

Water 63 .0 

100.0 

5 C. Imazethapyr 10.0 
Metolachlor encapsulated in a 

polyurea shell wall 12.0 

Antidote No. 13 25.0 

20 Reax 021 1.0 

Water 52 .0 

100.0 

25 

D. AC-222293 8.0 
Acetochlor encapsulated in a 

polyurea shell wall 16.0 

Antidote No. 1 10.0 

Reax 88®B 1.0 

Water 55.0 

35 100.0 



30 



It will be understood by those skilled in the art that certain combinations of an imidazoline with a particular 
40 co-herbicide and/or antidote may be incompatible with each other in one or another liquid media, hence ren- 
dering some formulations unfeasible. For example, AC-222293 (active ingredient in ASSERT 2.5 LC herbicide) 
Is not compatible with dicamba or amine formulations of 2,4-D or MCPA. Some of these co-herbicide combi- 
nations are known to be incompatible, but otherwise are readily determined without undue experimentation by 
those skilled in the art 

45 Suitable carriers for many of the herbicides and antidotes disclosed herein include common ketone, 
alcohol, hydrocarbon-based solvents, e.g., acetone, dimethyl sulfoxide, n-heptane, methanol, methylene 
chloride, cyclohexane, toluene, etc. 

While the invention herein has been specifically exemplified with representative imidazolinone compounds 
of Formula I, by acetochlor, alachlor and metolachlor as representative of the compounds of Formula IV and 

50 by various dichloroacetamide antidotes such as AD-67 and the safener of Example 3 as representative of the 
compounds according to Formulae II and III respectively, as well as a multiplicity of other antidotes having a 
variety of chemical structures, it is to be understood that other compounds within the scope of the above for- 
mula and ther chemical classes are specifically contemplated as within the scope of this invention. 

Examples of other herbicidal imidazolinone or imidazolidinon or -dione compounds within th purview of 

55 this invention which may b saf ned for use in various crops include th compounds disclosed in the following 
exemplary publications : EP Numbers 041623, 133310, 198552, 216360 and 298029 ; JA 1109-790, JA 1197- 
580A, J6 1 183-272A, J6 3196-570A ; and Australian published Application N . AU 8661-073A. GB 2 172 886A, 
and U.S. Pat nt Numbers 4,188,487, 4,297,128, 4,562,257, 4.554,013, 4,647,301, 4,638,068, 4,650,514, 
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4,709,036, 4,749,403, 4,749,404, 4,741,767, 4,776,876 and 4,798,619. 

Th above sp crfically mentioned herbicidaJ compounds used as co-herbicides herein are intended merely 
as exemplary of the classes of herbicides which they represent. However, it is expressly contemplated that 
many other herbicidal compounds analogous to those represented herein having a variety of equivalent radicals 
substituted on the central nucleus may similarly be safened to various crop plants to a greater or lesser extent 
with the antidotal compounds of this invention. For example, other a-haJoacetanllide compounds useful as her- 
bicides are described in U.S. Patent Numbers 3,442,945, 3,547,620, 3,830,841, 3,901,768, 4,517,011, 
4,601.745, 4,319,918, 3,586,496. 3,574,746 and 4,249,935. 

Herbicidally-uselul thiocarbamate compounds are described in U.S. Patent Nos. 2,91 3,327, 3,330,643 and 
3,330,821. 

Other herbicidal pyridine compounds are described in U.S. Patent 4,692,184 and copending U.S. Serial 
Number 07/134,231 and U.S. Patent 4,826,532. both of common assignment herewith. 

Herbicidally-useful heterocycyl phenyl ethers (especially pyrazolyl aryl ethers) are described in U.S. Patent 
4,298,749 and copending U.S. Serial Numbers 07/175,460, entitled "Substituted 3-<4-Nitrophenoxy) Pyrazoles 
and Their Use As Herbicides", of common assignment herewith. 

Herbicidal diphenyl ethers and nitrophenyt ethers include 2,4-dichlorophenyl 4'-nitrophenyl ether ("nitro- 
fen"), 2-chloro-1-(3'-ethoxy-4'-nitrophenoxy)-4-trifIuoromethylbenzene ("Oxyfluorfen"), 2\4'-dichlorophenyl 3- 
methoxy-4-nitrophenyl ether ("Chlormethoxynil"), methyl 2-[4'-(2 , \ 4"-dichlorophenoxy)-phenoxy]-propionate, 
N-^'-phenoxyethyl^-p^'-chloro^^ 2-methoxyethyl 2- 

[nitro-5-(2<hloro-4-trifluoromethyIphenoxy)-phenoxyl-propionate and 2-chloro-4-trifluoromethylphenyl 3'-oxa- 
zolin-2'-yW'-nitrophenylether. 

Another generic class of agrichemically-important herbicidal compounds specifically contemplated for use 
as co-herbicidal compounds in combination with the antidotal compounds of this invention are the ureas and 
sulfonylurea derivatives. Important herbicidal ureas include 1-(benzothiazol-2-y»)-1,3-dimethyl-urea ; 
phenylureas, for example : 3-{3-chloro-p-tolyl)-1,1-dimethylurea Cchlorotoluron"), 1,1-dimethyl-3-(a,a,a trif- 
luoro-m-tolyl)urea ("fluometuron"), 3-(4-bromo-3-chlorophenyl)-methoxy-1-methylurea ("chlorbromuron"), 3- 
(4-bromophenyl)-1-methoxy-1-methylurea fmetobromuron"), 3-(3,4-dichIorophenyl)-1-methoxy-1-methylurea 
("Hnuron"), 3-(4-chIorophenyi)-1-methoxy-1-methylurea ("monolinuron"), 3-{3,4-dichlorophenyI)-1,1 -dimethyl- 
urea ("dhiron"), 3-(4-chlorophenyl)-1,1-dimethylurea( ,, monuron n ) and 3-(3-chloro-4-methoxyphenyl)-1,1-dime- 
thylurea ("1X1610^^0^) ; 

Important herbicidal sulfonylureas specifically contemplated as useful as co-herbicides in compositions 
with the antidotal compounds of this invention include those disclosed in the following patents : U.S. Patent 
Numbers 4,383,113, 4,127,405, 4,481,029, 4,514,212, 4,420,325, 4,638,004, 4,675,046, 4,681,620, 
4,741,760, 4,723,123, 4.411,690, 4,718,937, 4,620,868, 4,668,277, 4,592,776, 4,666,508, 4,696,695, 
4,731 ,446 and 4,668,279 ; EP Numbers 084224, 173312, 190105, 256396, 264021, 264672, 142152, 244847, 
176304, 177163, 187470. 187489, 184385, 232067, 234352, 189069, 224842, 249938, 246984 and 246984 
and German Offen. DE 3,618,004. 

Among the herbicidal sulfonylureas disclosed in one or more of the above patents which are of particular 
interest are mentioned the species N^(4-methoxy-6-methy!pyrimitf^ 

methoxycarbonyl-1-methylpyrazoIe-5-sulfonamide, N^(4,6^imemoxypyrrmidin-2-yl)aminocarbonyl]-3-chloro- 

4-memoxycaroonyl-1-methylpyrazole-5-sulfonamide, 

^(4-methoxy-6-memylpyrimidin^^ 

amide, ^(4,6-dirnemoxypynYnidin-2-y0am 

fbnamide, N-[(4HTOthoxy-6^mefoyipyrimi^ 

pyrazole-5-sulfonamide, 

N4(4,6^imemoxypynmidin-2-yl)amino^ 

and N-(methoxycarbonyl-1 -phenyl sulfonyl-NHbis-difluoromethoxy pyrlmldin-2-yl)urea. 

Still other classes of herbicidaJ compounds contemplated for combination with imidazolinone derivatives 
and the antidotes of this invention include the following representative species : 

Triazines and triazinones : 2,4-bis<isopropylamino)-6-memylmio-1 l 3,5-triazine f prometryn"), 2,4-bis-(ethyla- 
mino)-6-methylthio-1 i 3,5-triazine ("simetryn"), 2-<1\2'-dimethyIpropylaminoH^thylamino-6-methyl-thio- 
1 ,3,5-triazine fdimethametryn"), 2-chloro-4,6-bis-(ethylamino)-1 ,3,5-triazine ("simazine"), 
2-tertbutylairtino-4-^ Cterbuthyiazine"), 24ert-butylamino-4-ethylamino-6-me- 

moxy-IAS-triazin (t rbumeton"), 2-tertbutylaminc>-4-ethytamino-6-memtf^^ ("terbutryn"), 2- 

ethylamino-4-isopropylamino-6-methylthio-1,3,5-triazin ("ametryn") and 

3,4-bis-(m thylamin )-6-tert-butyl-4,4-dihydro-1^,4-triazin-5-one. 

Oxadiazdones : 5-tert-butyl-3-<2\4'-dich!cHX>-5Msopro^ ("Oxadiazon"). 
Ph sphates : S~2-metrtytpiperidin carbonylmethyl 0,0-dipropyl phosphorodithioat ("Pip rophos"). 
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Pyrazdes : 1,3-dim thyl-4>(2',4'-dichlorobenzolyl)^5-(4'-tolylsulfonyIoxy)-pyrazole. 

Also a-(phenoxyphenoxy)-propionic acid derivatives and a-pyridyl-2-oxyphenoxy)-propionic acid deriva- 
tiv s. 

In addition t th antidotal compounds xemplifi d herein, other representative antidotal compounds 
5 according to Formula II are expressly disclosed in various patents, e.g., 3,959,304, 4,072,688, 4,137,070, 
4,124.372, 4,124,376, 4,483,706, 4.636,244, 4,033,756, 4,708,735, 4,256,481, 4.199,506, 4,251,261, 
4.070,389, 4,231,783, 4,269.775, 4,152,137 and 4,294,764, and EP Nos. 0253291, 0007588, 0190105, 
0229649, 16618 and W. German Patent Application Nos. 28 28 222, 28 28 293.1, and 29 30 450.5, South Afri- 
can Patent No. 82/7681, and PRC Application No. 102 879-87. 
10 As will be appreciated by those skilled in the art, the practice of this invention comprises the use of the 
antidotal compounds disclosed and claimed herein with any herbicidally-active imidazolinone compound which 
may optionally be combined with co-herbicides from many different classes of chemistry. Obviously, the above 
listings of exemplary compounds is not intended to be exhaustive, but representative. Again, as noted earlier 
herein, it is expected that not every combination of herbicide and antidote will result in safening of all crops, 
15 but is within the skill of the art to test any given herbicide with an invention antidote in plant screens of any 
spectrum of plants and note the results. 

The foregoing embodiments illustrate that the combinations of herbicide and antidote of this invention are 
useful in controlling weeds while reducing herbicidal injury to crop plants under greenhouse and field test con- 
ditions. 

20 In field applications, the herbicide, antidote, or a mixture thereof, may be applied to the plant locus without 
any adjuvants other than a solvent. Usually, the herbicide, antidote, or a mixture thereof, is applied in conjunc- 
tion with one or more adjuvants in liquid or solid form. Compositions or formulations containing mixtures of an 
appropriate herbicide(s) and antidote usually are prepared by admixing the herbicide and antidote with one or 
more adjuvants such as diluents, solvents, extenders, carriers, conditioning agents, water, wetting agents, dis- 

25 persing agents, or emulsifying agents, or any suitable combination of these adjuvants. These mixtures may be 
in theform of emulsifiable concentrates, microencapsulates, particulate solids, granules of varying particle size, 
e.g., water-dispersibie or water-soluble granules or larger dry granules, pellets, wettable powders, dusts, sol- 
utions, aqueous dispersions, or emulsions. 

Examples of suitable adjuvants are finely-divided solid earners and extenders including talcs, clays. 

30 pumice, sBica, diatomaceous earth, quartz. Fuller's earth, sulfur, powdered cork, powdered wood, walnut flour, 
chalk, tobacco dust, charcoal, and the like. Typical liquid diluents include Stoddard's solvent acetone, 
methylene chloride, alcohols, glycols, ethyl acetate, benzene, and the like. Liquids and wettable powders usu- 
ally contain as a conditioning agent one or more surface-active agents in amounts sufficient to make a compo- 
sition readily dispersible in water or in oil. The term "surface-active agent" includes wetting agents, dispersing 

35 agents, suspending agents, and emulsifying agents. Typical surface-active agents are mentioned in U.S. Patent 
No. 2,547.724. 

Compositions of this invention generally contain from about 5 to 95 parts herbicide-and-antidote, about 1 
to 50 parts surface-active agent, and about 4 to 94 parts solvent, all parts being by weight based on the total 
weight of the composition. 

40 Application of the herbicide, antidote, or mixture thereof, can be carried out by conventional techniques 
utilizing, for example, hand-carried or tractor-mounted spreaders, power dusters, boom and hand sprayers, 
spray dusters, and granular applicators. If desired, application of the compositions of the invention to plants 
can be accomplished by incorporating the compositions in the soil or other media. 

The crop may be protected by treating the crop seed with an effective amount of antidote prior to planting. 

45 Generally, smaller amounts of antidote are required to treat such seeds. A weight ratio of as little as 0.6 parts 
of antidote per 1000 parts of seed may be effective. The amount of antidote utilized in treating the seed may 
be increased if desired. Generally, however, a weight ratio of antidote-to-seed weight may range from 0.1 to 
10.0 parts of antidote per 1000 parts of seed. Since only a very small amount of active antidote is usually 
required for the seed treatment, the compound preferably is formulated as an organic solution, powder, emul- 

50 sifiable concentrate, water solution, or flowable formulation, which can be diluted with water by the seed treater 
for use in seed treating apparatus. Under certain conditions, it may be desirable to dissolve the antidote in an 
organic solvent or carrier for use as a seed treatment or the pure compound alone may be used under properly 
controll d conditions. 

For antidote seed-coating or for antidotes applied to soil in granular or liquid formulations, suitabl carriers 
55 may be either solids, such as talc, sand, clay, diatomaceous earth, sawdust, calcium carbonat , and the IBce, 
or liquids, such as water, kerosen , acetone, benzene, toluene, xylene, and the like, in which the active antidote 
may be either dissolved or dispersed. Emulsifying agents are used to achiev a suitable emulsion If two immis- 
dbl liquids are used as a carrier. Wetting agents may also be used to aid in dispersing the active antid t in 
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liquids used as a carrier in which the antidote is not completely soluble. Emulsifying agents and wetting agents 
are sold under numerous tradenames and trademarks and may be ith r pur compounds, mixtures of c m- 
pounds of the sam general groups, or they may be mixtures of compounds of different classes. Typical satis- 
factory surface active agents which may be used are alkali metal higher-alkylaryfsulfonates such as sodium 

5 dodecyibenzenesulfonate and the sodium salts of alkylnaphthalenesulfonic acids, fatty alcohol sulfates such 
as the sodium salts of monoesters of sulfuric acid with n-aliphatic alcohols containing 8-18 carbon atoms, long- 
chain quaternary ammonium compounds, sodium salts of petroleum-derived alkyisuifbnic acids, polyethylene 
sorbitan monooleate, alkylaryl polyether alcohols, water-soluble lignin sulfonate salts, alkali casein compo- 
sitions, long-chain alcohols usually containing 10-18 carbon atoms, and condensation products of ethylene 

10 oxide with fatty acids, alkytphenols, and mercaptans. 

Although this invention has been described with respect to specific embodiments, the details of these 
embodiments are not to be construed as limitations. Various equivalents, changes, and modifications may be 
made without departing from the spirit and scope of this invention, and it is understood that such equivalent 
embodiments are part of this invention. 

15 



Claims 



1. Composition comprising 
20 (a) a herbicidally-effective amount of one or more compounds of the formula 



25 



I R -C 



X. 



N" 



-R 2 
-R 3 



30 wherein 

R represents one of the radicals 




wherein in Formula I and IA, the dashes represent saturati n or unsaturati n and in Formula I 
Ri is H, Ci_4 aikyl or haioalkyl, 

R 2 isH,C 1 ^aIkyl f C3_ecycloaIkylorcycloalkylm thyl, phenyl, haloph nyl, benzyl or R t and R 2 combined 
from a C^ cycl alkyl which may be substituted with 3 alky! ; 



322 



EP 0 436 483 A2 



R 3 is H, COD, SOD 2 or S0 2 D 3 , wherein 

D 1t D2 and D 3 are H, C,_ 10 alkyl, halomethyl or phenyl which may be substituted with halog n, NO2 or 
alky! or alkoxy, said R 3 being attached to the ring nitrogen atom of the isomer not having a double 
bond structure ; and 
5 W is oxygen or sulfur ; 

where in Formula IA 

A is COOD 4 , CONHDs, COND e D 7f CHO, CH 2 OH, COCH 3 . COC e H 6l CN, CH 3 , CH=NOH, CH 2 COOH, 
CH 2 COOD 8 . CH 2 COOH, COHOH, CHD9OH, 



15 




O 



20 D 4 is H f dfloweralkyiimino, C^ alkyl optionally substituted with C^ 3 alkoxy, halogen, OH, C^ cycloal- 

kyi or cycloalkylmethyl ; benzyl, benzyloxy, C^ alkyl or alkoxy, nitro or carboxyi ; furyl, tetrahydrofuryl, 
dialkylphosphonyl, glycidyl, COC^ alkoxy, CN, phenyl, benzyl, NH(C^ alkyl) 3 , C3_ 12 alkenyl or alkynyl, 
both optionally substituted with C^ alkoxy, phenyl, halogen or COC^ alkoxy ; C^ cycloaikyl or cyc- 
loalkylmethyl, both optionally substituted with C,_ 3 alkyl ; or a cation selected from alkali and alkaline 

25 earth metals, Mn t Cn, Fe f Zn, Co, Pb, Ag, Ni, ammonium and organic ammonium ; 

D 6 is H t OH, NH 2 . N(CH 3 ) 2 , NHCOCH 3 , C 6 H 5 NH 2 ,C3^ alkenyl or alkynyl or C,^ alkyl optionally substi- 
tuted with OH or halogen ; 
D e , D 7 and D 8 are H, OH or C w alkyl ; 
B is N or -CH- ; 

30 m Is 0-3 ; and 

R4 is H, haJogen, C^ alkyl, alkoxy, alkylthio, haloalkyl, or hydroxyalkyl ; NO* CN, phenyl or phenoxyi, 
both optionally substituted with C^ alkyl. alkoxy or alkoxyalkyl or halogen ; SD 9 or OD 10 
wherein 

D 9 is H, phenyl or phenyl substituted with halogen, C^ alkyl or alkoxy, N0 2 ; pyridyl or C^ alkyl-sub- 
35 stituted pyridyl ; C M alkyl, alkoxy or polyalkoxy ; C^ cycloaikyl or heterocyclyl containing O, S or N 

atoms both of which may be substituted with C^ alkyl, alkoxy or halogen ; C^ cycloaikenyl, and 
D 10 is H, C^ cycloaikyl or heterocyclyl containing O, S or N atoms both of which may be substituted 
as in D 8 or C^ cycloaikenyl ; 
when B is N, two R4 radicals may be combined to form a radical having one of the following formulae : 

40 

IA(1) 4CH=CH*m , where m is 2 or 3 ; 
IA(2) - (CH^ -, where n is 2-4 ; 



50 
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b 




b 



where in formula IA(3) and IA{4) 

a is H, alky), aJkoxyalkyl or haloalkyt, C^cycloalkyi, cycloalkylmethyl, phenyl, benzyl, acyl, pyridyl, 
alkyl- or aryisulfonyl and 

b is H, Ct«4 alkyl, alkoxy, halogen, NO* NH 2 , CN, phenyl or benzyl or 
a and b radicals substituted with alkyl, haloalkyl, alkoxy, halogen, NO2 or NH2 ; 
provided that when R4 is a radical of the formula IA(3), the ring to which it is attached has only two unsatu- 
rated bonds ; 



IA(5) 




wherein 

e and f are 0-2 and e + f = 2 ; 

c and d are halogen, alkyl, alkoxy, haloalkyl, hydroxyalkyl, alkylthio, alkylsulphonyl, acyl or 
alkoxycarbonyl ; cycloalkyl, cycloalkylmethyl or halocycloalkylmethyl ; alkenyl, haloalkenyl, 
alkynyl or haloalkynyl ; phenyl, benzyl or pyridyl and when e or f Is 0 and the other Is 2, c and d can 
form a ring ; 




IA(6) (E) 4 




wherein 
g is 0-6; 

one of the E members is O, S, SO, SO* ND 11f -CO- or =CH-, the other E members being C atoms, 
provided that when one E is =C- there is only one double bond in the (E) 4 ring and when the E member 
is not =C- t there may or may not be one double bond in that ring ; 
Du is H or alkyl and 

6 is the same as an uncombined, discrete R4 member in formula IA or tetrahydropyranyi, OH, CF 3 , 
phenyl, benzyl or pyridyl or phenyl-, benzyl- or pyridyl-substituted with alkyl, alkoxy, alkylthio, CF 3 , 
NQ2 or halogen ; 
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IA(7) 




h = 0 or 1 ; 

J and L are H, alky! or cycloalkyl, both of which may be substitued with C,_j alkyl, alkoxy, hlogen; 
when B in formula IA is -CH-, 

R4 is H. halogen, NO* alkyl. haloalkyl, alkoxy, alkoxyalkyl or two R4 members together form 
the radical 



IA(8) 




where J and L are as defined in Formula IA(7) ; 
where in Formula IB, (-) (+) 

R 6 is C,^ alkoxy, NH 2 , -0-NHD 12 D l3 , or OM ; 

wherein D 12 and D 13 are H or alkyl, and M is an alkali metal or alkaline earth metal and 
where in Formula IC, 

Re and R 7 are H or C,^ alkyl, and 
X is OH, OD 14 , N(C^ alkyl) 2 , 

N(CH 2 CH 2 OCH 3 )2, NHD 15 or one of the following radicals : 



ri / — \ / \ 

-N -N NH or -N O 

VJ \ / \ ' 

wherein 

Dm is C,_« alkyl or haloalkyl, C3-12 alkenyl or alkynyl, alkoxyalkyl or haloalkoxyalkyl, phenyl, 
phenoxy, phenyl-C^ 8 alkyl, phenoxy-C 1 _ 8 -alkyl, a salt-forming cation from ammonium, organic 
ammonium, alkali and alkaline earth metals, Mn, Cu, Fe, Zn, Co, Pb, Ag, Al or Ni ; and 
D 16 is H, OH, cycloalkyl, C t _ 12 alkyl, haloalkyl, hydroxyalkyi, cyanoalkyl, carbamoylalkyl, C3_ 12 
alkenyl, haloalkenyl, alkynyl, haloalkynyl, Ce_ 12 aryl or aryl-C^ alkyl or alkoxy, C,_3 alkoxycarbonyl-C,^ 
alkyl, furyl, or tetrahydrofuryl ; and 

(b) an antidotally-effective amount of (i) a compound of the formula 




wherein R 10 can be selected from the group consisting of hal alkyl ;hal alk nyl ; alkyl ; alkenyl ; cycloalkyl; 
cycloalkylalkyl ; halogen ; hydrogen ; carboalkoxy ; N-alkenylcarbamylalkyl ; N-alkenylcarbamyl ; N-alkyl- 
N-alkynylcarbamyi ; N-alkyl-N-alkynylcarbamylalkyl ; N-alk nylcarbamylaikoxyalkyl ; N-alkyl-N-alkynyl- 
carbamylalkoxyalkyl ; aikynoxy ; haloalkoxy ; thiocyanatoalkyl ; alkenyl aminoalkyl ; alkylcarboalkyl ; 
cyan alkyl ; cyanatoalkyl ; alkenylaminosulfonoalkyl ; alkylthioalkyl ; haloalkylcarb nyloxyalkyl ; 
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alkoxycarboalkyl ; haloaJkenylcarbonyloxyalkyl ; hydroxyhaloalkyloxyalkyi ; hydroxyaJkylcarboalky xyal- 
kyt ; hydroxyaikyl ; alkoxysulfonoalkyl ; furyl, thienyl ; alkyfdithi I nyl ; thienalkyl ; phenyl and substituted 
phenyl wherein said substituents can b selected from halogen, alkyl, hal alky!, alkoxy, carbamyl, nitro, 
carboxyfic acids and their salts, haioalkytcarbamyi ; phenyfaikyt ; phenylhaloalkyf ; phenylalkenyi ; substh 
5 tuted phenylalkenyi wherein said substituents can be selected from halogen, alkyt, alkoxy, haiophenoxy, 

phenylalkoxy ; phenylalkylcarboxyalkyl ; phenylcycloalkyl ; halophenylalkenoxy ; halothiopherryi alkyl ; 
halophenoxyalkyi ; bicycloalkyl ; alkenylcarbamyipyridinyl ; alkynylcarbamytpyridinyl ; draikenyfcarbamyk 
bicycloalkenyl ; alkynylcarbamylbicycloaJkenyl ; 

R 1t and R 12 can be the same or different and can be selected from the group consisting of alkenyi ; haloal- 

10 kenyl ; hydrogen ; alkyl ; haloalkyl ; alkenyi ; cyanoalkyl ; hydroxyaikyl ; hydroxyhaloalkyl ; haloaikylcar- 
boxyalkyl ; alkylcarboxyalkyl ; alkoxycarboxyalkyl ; thioalkylcarboxyalkyl ; alkoxycarboalkyl ; 
alkylcarbamyioxyalkyf ; amino ; formyl ; haloalkyl-N-alkylamido ; haloalkyl amido ; haloaJkylamfcfoalkyt ; 
haloalkyi-N-aJkylamidoalkyl ; haioalkylamidoalkenyl ; alkylimino ; cycloalkyl ; alkytcycloalkyl ; alkoxyalkyl ; 
alkylsulfonytoxyalkyl ; mercaptoalkyl ; alkylaminoaikyl ; alkoxycarboalkenyl ; haloalkylcarbonyl ; alkylcar- 

15 bonyl ; alkenylcarbamyloxyalkyl ; cycloalkylcarbamyloxyalkyl ; alkoxycarbonyl ; haloalkoxycarbonyl ; 
halophenylcarbamyloxyalkyl ; cycloalkenyl ; phenyl ; substituted phenyl wherein said substituents can be 
selected from aJkyl, halogen, haloalkyl, alkoxy, haioalkylamido, phthalamido, hydroxy, alkylcarbamyloxy, 
alkenyicarbamyloxy, alkyiamido, haioalkylamido or alkylcarboalkenyl ; phenylsulfony) ; substituted 
phenylalkyl wherein said substituents can be selected from halogen or alkyl ; dioxyalkylene, 

20 halophenoxyalkylamldoalkyl ; alkylthiodiazolyl ; piperidyl ; piperidylalkyl ; dioxolanylalkyl, thiazolyl ; alkyl- 
thiazolyl ; benzothiazolyl ; halobenzothiazoiyl ; furyl ; alkyl-substituted furyl ; furylalkyl ; pyridyl ; alkylpyri- 
dyl ; alkyloxazolyl ; tetrahydrofurylalkyl ; 3-cyano, thienyl ; alkyl-substituted thienyl ; 
4,5-polyalkylene-thienyl ; a-haloalkylacetamido phenylalkyl ; a-haloalkylacetamidonitrophenylalkyl ; a- 
haloalkylacetamidohalophenylalkyl ; cyanoalkenyl ; 

25 R t1 and R 12 when taken together can form a structure consisting of piperidinyl ; alkylplperidinyl ; pyridyl ; 

dkor tetrahydropyiidinyl ; alkyltetrahydropyridyl ; morpholyl ; alkyl morpholyl ; azabicyclononyl ; diazacyc- 
loalkanyt, benzoalkylpyrrolidinyl ; oxazolidinyl ; perhydrooxazolidinyl ; alkyloxazolidyl ; furyloxazolidinyl, 
thienyloxazolidinyl, pyridyloxazoHdinyl, pyrimidinyloxazolidinyl, benzooxazolidinyl, C3 7 spirocycloal- 
kyloxazolidinyl, alkylaminoalkenyl ; alkylideneimino ; pyrrolidinyl ; plperidonyl ; perhydroazepinyl ; perhyd- 

30 roazocinyl ; pyrazolyl ; dihydropyrazolyt ; piperazinyl ; perhydro-1,4-diazepinyl ; quinolirryl, isoquinolinyl ; 

dl- p tetra- and perhydroquinolyl- or-isoquinolyl ; indolyl and di- and perhydroindolyl and said combined R 1t 
and R 12 members substituted with those independent R n and R 12 radicals enumerated above ; 
or 

(ii) one of the following compounds 
35 a-[(Cyanomethoxy)imino]benzeneacetonitriie, 

tt-t(1 f 3-Dioxopyran-2-yl-methoxy)-imino]-benzeneacetonitrBe, 
5-Thiazoiecarboxylic acid, 2-chloro-4-trifluoromethyl f benzyl ester, 

Benzenemethamine, N-[4-(dichloromethyle ne]-1 .S-ditholan-a-ylideneJ-a-methyl, hydrochloride, 
Diphenylmethoxy acetic acid, methyl ester, 1,8-Naphthalic anhydride, 4,6-Dichloro-2-phenyl-pyrimH 
40 dine, 2-Chloro-N^H2,4 f 6-trirnethylphenyl)-ethenyI]acetamide, 

Ethylene glycol acetal of 1,1-dichloroacetone ; 
provided that when the Compound of Formula I is imazaquin, the antidotal compound is other than 1,8-na- 
phthalic anhydride, oxabetrinil, flurazole or N.N-diallyl dichloroacetamide and when the compound of For- 
mula I is imazethapyr, the antidotal compound is other than 1,8-naphthalic anhydride. 

45 

2. Composition according to Claim 1 wherein R is the radical of Formula IA. 

3. Composition of Claim 2 wherein R 1 and R 2 are C^ alkyl or haloalkyl, R 3 is H and W is 0. 

so 4. Composition according to Claim 3 wherein A is COOD 4 , wherein D 4 is H t a C^ alkyl radical or an 
ammonium cation. 

5. Composition according to Claim 4 wherein B is the N atom. 

55 6. Composition according to Claim 5 wherein R4 is H, C^ alkyl, or two R< memb rs may ombin to f rm a 
4CH=CH> m or<CH 2 > n radical wherein m is 2 or 3 and n is 2-4. 

7. Composition according to Claim 6 which is imazaquin. 
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10 



8. Composition according to Claim 6 which is imazethapyr. 

9. Composition according to Claim 6 which is imazapyr. 

10. Composition according to Claim 6 which is AC-263222. 

11. Composition according to Claim 4 wherein B is the -CH- radical. 

12. Composition according to Claim 1 1 which is AC-222293. 

13. Composition according to Claim 1 wherein R is the radical of Formula IB. 

14. Composition according to Claim 1 wherein R is the radical of Formula IC. 

is 15. Composition according to any of Claims 1-13 or 14 wherein in Formula II for the antidote of component (b) 
R 10 is Ci-a haloalkyl ; 

Rn and R 12 are independently alkenyi or haloalkenyl or 2,3-dioxolan-2-yl-methy! and 
R t1 and R 12 when combined form a C^o saturated or unsaturated heterocyclic ring containing O v S 
and/or N atoms and which may be substituted with C,. s alkyl, haloalkyl, alkoxy, or aikoxyalkyl or haloacyl 
20 groups. 

1$. Composition according to Claim 15 wherein R is dichloromethyl. 

17. Composition according to Claim 16 wherein said compound of component (b) is N.N-diallyl-dtchloroaceta- 
25 mide. 

18. Composition according to Claim 16 wherein said compound of component (b) is N-{2-propenyl)-N-(1 t 3- 
dioxolanyImethyt)dich)oroacetamide. 

30 1& Composition according to Claim 16 wherein said compound of component (b) is a substituted 1,3-oxazoli- 
dinyi dichloroacetamide having the formula 



35 



40 



O . — - — Ri 3 

II 5 ! 

Ill C1 2 CHC - N 3 ! 

\ 2 1> 

Rl4 Ris 

wherein 

R« is hydrogen, C^ alkyl, alkylol, haloalkyl or alkoxy, C2_e aikoxyalkyl, phenyl or a saturated or unsatu- 
rated heterocyclic radical having C&_ 10 ring atoms and containing O, S and/or N atoms, and 
R 14 and R 16 are independently hydrogen, C^ alkyl or haloalkyl, phenyl or a heterocyclic R* member 
or together with the carbon atom to which they are attached may form a C3-C 7 spirocycloalkyl group. 



20. Composition according to Claim 19 wherein R 13 is one of said heterocyclic members and R u and R 16 are 
independently methyl, trffluoromethyi or when combined with the carbon atom to which attached form a C 6 

so or C 6 spirocycloalkyl radical. 

21. Composition according to Claim 19 wherein said compound of Formula III is oxazolidine, 3-{dichloroace- 
tyl)-2,2,5-trimethyi-. 

55 22. Composition according to Claim 19 wherein said compound of Formula III Is oxazdidine, 3-(dichloroaca- 
tyl)-2,2-spirocyclohexyk 

23. Comp sition according to Claim 19 wherein said compound of Formula III is oxazolidin , 3-{dichk>roace- 
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tyl)-2,2-dimethyl-5-ph nyk 

24. Comp sition according to Claim 20 wherein said compound of Formula III is oxazolidine, 3-{dichIoroace- 
tyl)-2,2-dimethyl-5-(2-furanyl)-. 

25. Composition according to Claim 20 wherein said compound of Formula III is oxazolidine, 3-dichIoroacetyl- 
2,2^imemyl-5-(2-thienyl)-. 

26. Composition according to Claim 20 wherein said compound of Formula III is pyridine, 3-[3-<dichloroace- 
tyl)-2,2-dimethyl-5K)xazolidinyl)-. 

27. Composition according to Claim 16 wherein said compound of Formula II is 4-{dichloroacetyl)-3,4-dihyd- 
ro-3-methyl-2H-1,4-benzoxazine. 

28. Composition according to Claim 16 wherein said compound of Formula II is ethanone, 2^-dichlon>1- 
(1,2,3 t 4-tetrahydro-lHmethyl-2-isoquinoiinyl>-. 

29. Composition according to Claim 16 wherein said compound of Formula II is cis/trans-piperazine, 1 ,4-bis(di- 
ch!oroacetyl)-2 t 5-dimethyk 

30. Composition according to Claim 1 6 wherein said compound of Formula II is N-{dichIoroacetyl)-1 ,2,3,4-tet- 
rahydroquinaldine. 

31. Composition according to Claim 16 wherein said compound of Formula II is 1,5-diazacyck>nonane, 1,5- 
bis(dichloroacetyl). 

32. Composition according to Claim 16 wherein said compound of Formula II is 1-azaspiro[4,4]nonane r 1-(di- 
chloroacetyl). 

33. Composition comprising a herbicidally-effective amount of imazaquin, imazethapyr, imazapyr, AC-263222 
or AC-222293 and an antidotally-effectlve amount of N.N-diallyWIchloroacetamlde, oxazolidine, 3-(dichlo- 
roacetyl)-, 2,2,5-trimethyl-, oxazolidine, 3-(dichloroacetyl)-2,2-dimethyl-5-(furanyl)-, oxazolidine, 3«(dichlo- 
roacetyI)-2,2-spirocyclohexyl-, 4-(dichloroacetyl>-3 I 4-dihydro-3-methyl-2H-1 ,4-benzoxazine r cyometrinil 
or oxabetrinil ; provided that when the Compound of Formula I is imazaquin, the antidotal compound is other 
than oxabetrinil or IM,N-diallyl dichloroacetamide. 

34. Composition according to any of Claims 1-33 further containing one or more additional herbicidal com- 
pounds as co-herbicide(s) with said compound of Formula I. 

35. Composition according to Claim 34 wherein said co-herbicide is an acetaniilde of the formula 




wherein 

R« is hydrogen, C,_e alkyl, haloalkyl, alkoxy r alkoxyalkyl, alk nyl, hal alkenyl, alkynyl or hal alkynyl hav- 
ing up t 6 carbon atoms, Cs_ 10 heterocycly! or heterocyclylm thyl having O, S and N atoms and which 
may b substitut d with halogen, C^ alkyl, carbonytalkyi or carbonylalkoxyaJkyl, nrtro, amin r cyano 
groups; 

R 9 is hydrog n, halog n, nrtro, amino, C^ alkyl, alkoxy or alkoxyalkyl, and 
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i is 0-5. 

36. Composition according to Claim 35 wherein R 8 is an alkoxyalkyl or pyrazolylalkyi group having up to 6 car- 
bon atoms and R 9 is a C,^ alkyl or alkoxy radical. 

37. Composition according to Claim 36 wherein said acetanilide is acetochlor, alachlor, butachlor, metolachlor 
ormetazochlor. 

38. Method for reducing phytotoxicity to crop plants due to herbicidal compounds having the formula 

7-R2 



wherein 

20 R represents one of the radicals 




or 



0 
II 

C - C - X 

II 

c ~ 

wherein in Formulae I and IA, the dashes represent saturation or unsaturation and in Formula I 
Ri is H, Cj.4 alkyl or haloalkyt, 

R2 H, C^ alkyl, C^ cydoalkyl or cycloalkylmethyl, phenyl, halophenyl, benzyl or Ri and R 2 combined 
45 from a cycloalkyl which may be substituted with C^ alkyl ; 

R 3 Is H. CODi SOD* or S0 2 D 3 , wherein D t , D2 and D 3 are H, C^o alkyl, halomethyl or phenyl which 

may be substituted with halogen, NO2 or C^ alkyl or alkoxy, said R 3 being attached to the ring nitrogen 

atom of the isomer not having a double bond structure ; and 

W is oxygen or sulfur ; 
50 where in Formula IA 

A is COOD4, CONHD B , COND 6 D 7 , CHO, CH 2 OH, COCH 3 , COC 6 H 5 . CN, CH 3 , CH=NOH, CH2COOH, 

CH 2 COOD 8 , CHzCOOH, CONHOH, CHD 9 OH. 



15 



R < 



\ 



N ' 



35 



40 



IC 



Rs 

R7 
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^C00CH 3 
or COCH ; 

^\p(OCH 3 ) 2 

II 

O 

D 4 is H, diloweralkylimino, C 1M2 alkyl optionally substituted with d_3 alkoxy, halogen, OH, cycloal- 
kyi or cycloalkylmethyl ; benzyl, benzyloxy, alky! or alkoxy, nitro or carboxyl ; furyl, tetrahydrofuryl, 
dialkylphosphonyl, glycidyl, COC^ alkoxy, CN, phenyl, benzyl, NHfC^ alkyl) 3 . (V12 aJkenyl or alkynyl, 
both optionally substituted with alkoxy, phenyl, halogen or COC,^ alkoxy ; cycloalkyl or cyc- 
loalkylmethyl, both optionally substituted with alkyl ; or a cation selected from alkali and alkaline 
earth metals, Mn, Cn, Fe, Zn, Co, Pb, Ag, Ni, ammonium and organic ammonium ; 
D 5 is H, OH, NH 2 , N(CH 3 )2. NHCOCH 3 , C 6 H 5 NH 2 , alkenyl or alkynyl or alkyl optionally substi- 
tuted with OH or halogen ; 
D e , D 7 and D 8 are H, OH or alkyl ; 
B is N or-CH- ; 
m is 0-3 ; and 

R4 is H, halogen, alkyl, alkoxy, aikylthio, haloalkyl, or hydroxyalkyl ; N0 2 , CN, phenyl or phenoxyt, 
both optionally substituted with alkyl, alkoxy or alkoxyalkyl or halogen ; SD 9 or OD 10 
wherein 

D 9 is H, phenyl or phenyl substituted with halogen, C,^ alkyl or alkoxy, N0 2 ; pyridyl or C^ alkyl-sub- 
stituted pyridyl ; C 2 _e alkyl, alkoxy or polyalkoxy ; C^ cycloalkyl or heterocyclyl containing O, S or N 
atoms both of which may be substituted with C,^ alkyl, alkoxy or halogen ; C^ cycloalkenyi, and 
D t0 is H, C^ cycloalkyl or heterocyclyl containing O, S or N atoms both of which may be substituted 
as in D 8 or C^ cycloalkenyi ; 

when B is N, two R4 radicals may be combined to form a radical having one of the following formulae : 

IA(0 {CH=CH> m , where m is 2 or 3 ; 

IA(2) -(CHJn-, where n is 2-4 ; 






where in formula IA(3) and IA(4) 

a is H, C|^ alkyl, alkoxyalkyl r haloalkyl, Cg^ cycloalkyl, cycloalkylmethyl, phenyl, benzyl, acyl, pyridyl, 
alkyl- or arylsulfonyl and 

b is H, C^ alkyl, alkoxy, halog n, NO* NH* CN, phenyl or b nzyl or a and b radicals substituted with 

C^i alkyl, haloalkyl, alkoxy, halogen, N0 2 r NH 2 ; 
provided that when R4 is a radical of th formula IA(3), the ring to which it is attached has only two unsatu- 
rated bonds ; 
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55 



IA(S) 



c , (C) - 

X 

S 




<C>. 



10 



15 



wherein 

e and f are 0-2 and e + f = 2 ; 

c and d are halogen, alkyl, alkoxy, haloalkyi, hydroxyalkyl. alkylthio, alkylsulphonyf, acyl or 
alkoxycarbonyl ; 

C3_e cycloalkyl. cycloalkylmethyl or halocydoalkylmethyl ; C 2 _e alkenyl, haloatkenyl, alkynyl or haloal- 
kynyl ; phenyl, benzyl or pyridyl and when e or f is 0 and the other is 2, c and d can form a ring ; 



20 



IA(6) 



(E)< 



25 



30 



wherein 
g is 0-6; 

one of the E members is O, S, SO, SO* ND 11t -CO- or =CH-, the other E members being C atoms, 
provided that when one E is =C- there is only one double bond in the (E) 4 ring and when the E member 
is not =C- ( there may or may not be one double bond in that ring ; 
D 1t is H or Ct-3 alkyl and 

G is the same as an un combined, discrete R4 member in formula IA or tetrahydropyranyl, OH, CF 3 , 
phenyl, benzyl or pyridyl or phenyl-, benzyl- or pyridylsubstituted with C, 4 alkyl, alkoxy, alkylthio, CF 3f 
NO2 or halogen ; 



35 



40 



IA(7) 




wherein 
h = 0 or 1 ; 

45 J and L are H, alkyl or cycioalkyl, both of which may be substituted with C,_3 alkyl, alkoxy, hlogen; 

when B in formula IA is -CH-, 

R4 is H, halogen, N0 2 , C,^ alkyl, haloalkyi, alkoxy, aikoxyalkyi or two R4 members together form 
the radical 



so 



IA(8) 




where J and L ar as d fin d in Formula IA(7) ; 
where in Formula IB, (-) (+) 
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Rs « Ct_5 alkyoxy, NH 2 , -0-NHD 12 D 13 , or OM ; 
wherein D 12 and D 13 are H or alkyt, and M is an alkali metal or alkaline earth metal and 
where in Formula IC, 

Re and R 7 are H or alkyl, and 

X is OH, OD 14 , NCC^ alkyl) 2f NfCHzCI^OCHak, NHD 15 or one of the following radicals : 



/ 



-N 



V 



\ 



r 



-N 



NH 



/ 

or -N 



\ 



V 



V 



wherein 

D u is alkyl or haloalkyi, C3_ 12 alkenyl or aikynyl, aikoxyalkyl or haloalkoxyalkyl, phenyl, 
phenoxy, phenyl-C^ alkyl, phenoxy-Ci g-alkyl» a salt-forming cation from ammonium, organic 
ammonium, alkali and alkaline earth metals, Mn, Cu, Fe, Zn, Co, Pb, Ag, A! or Ni ; and 
D 15 is H, OH, C3_e cycloalkyl, C 1 _ 12 alkyl, haloalkyi, hydroxyalkyl, cyanoalkyl, carbamoyl alkyl, C$_ 12 
alkenyl, haloaikenyl, aikynyl, haloalkynyl, Ce_i 2 aryl or aryl-C^ alkyl or alkoxy, 
said compound of Formula I being used alone or in admixture with one or more additional herbicidal com- 
pounds as co-herbicide(s) with said compound of Formula I which comprises applying to the locus of the 
crop plant an antidotally-effective amount of 
(i) a compound of the formula 



O 
H 

Rio - C - N 



II 



^12 



wherein Ri 0 can be selected from the group consisting of haloalkyi ; haloaikenyl ; alkyl ; alkenyl ;cycloalkyl; 
cycloalkylalkyl ; halogen ; hydrogen ; carboalkoxy ; N-alkenylcarbamylalkyl ; N-alkenylcarbamyl ; N-alkyl- 
N-alkynylcarbamyi ; N-alkyf-N-alkynylcarbamylalkyl ; N-aikenylcarbamylalkoxyalkyl ; N-alkyl-N-alkynyl- 
carbamyialkoxyaikyl ; alkynoxy ; haloaikoxy ; thiocyanatoalkyl ; aikenylaminoalkyi ; alkylcarboalkyl ; 
cyanoalkyl ; cyanatoalkyl ; alkenylaminosulfonoalkyl ; alkylthioalkyt ; haloalkylcarbonyloxyalkyl ; 
alkoxycarboalkyl ; haloalkenylcarbonyloxyalkyl ; hydroxyhaioalkyloxyalkyl ; hydroxyalkylcarboalkyoxyal- 
kyl ; hydroxyalkyl ; alkoxysulfonoalkyl ; furyl, thienyl ; alkyldithiolenyl ; thienalkyl ; phenyl and substituted 
phenyl wherein said substituents can be selected from halogen, alkyl, haloalkyi, alkoxy, carbamyl, nitro, 
carboxylic acids and their salts, haloalkylcarbamyl ; phenylalkyl ; phenyl haloalkyi ; phenylalkenyl ; substi- 
tuted phenylalkenyl wherein said substituents can be selected from halogen, alkyl, alkoxy, halophenoxy, 
phenylalkoxy ; phenyialkylcarboxyalky] ; phenylcycloalkyl ; halophenylalkenoxy ; halothiophenylalkyl ; 
halophenoxyalkyl ; bicycloalkyl ; alkenylcarbamylpyridinyl ; alkynylcarbamylpyridinyl ; dialkenylcarbamyl- 
bicycloalkenyl ; alkynylcarbamylbicycioalkenyl ; 

R t1 and R 12 can be the same or different and can be selected from the group consisting of alkenyl ; haloai- 
kenyl ; hydrogen ; alkyl ; haloalkyi ; aikynyl ; cyanoalkyl ; hydroxyalkyl ; hydroxyhaloalkyi ; haloalkylcar- 
boxyalkyt ; alkylcarboxyalkyl ; alkoxycarboxyalkyl ; thioalkylcarboxy alkyl ; alkoxycarboalkyl ; 
alkylcarbamyloxyalkyl ; amino ; formyl ; haloalkyl-N-alkylamido ; haloalkylamido ; haloalkyiamidoalkyl ; 
haloalkyl-N-alkylamidoalkyl ; hatoalkylamidoalkenyl ; alkylimtno ; cycloalkyl ; alkylcycloalkyl ; aikoxyalkyl ; 
alkylsulfonyloxyalkyl ; mercaptoalkyl ; alkylaminoaikyl ; alkoxycarboalkenyl ; haloalkylcarbonyt ; alkyicar- 
bonyl ; alkenylcarbamyloxyalkyl ; cycloalkylcarbamyloxyalkyl ; alkoxycarbonyl ; haloalkoxycarborryl ; 
halophenylcarbamyloxyalkyl ; cycloalkenyi ; phenyl ; substituted phenyl wherein said substituents can be 
selected from alkyl, halogen, haloalkyi, alkoxy, haloalkylamido, phthalamldo, hydroxy, aJkytcarbamyfoxy, 
alkenylcarbamy! xy, alkylamido, haloalkylamido or alkytcarboalkenyl ; ph nylsulfonyl; substituted 
phenylalkyl wher in said substitu nts can be selected from halog n r alkyl ; dioxyaikyl n , 
halophenoxyalkylamidoalkyl ; alkylthiodiazolyt ; piperidyl ; piperidylalkyl ; dioxolanyialkyl, thiazolyl ; alkyi- 
thiazolyl ; benzothiaz lyi ; halob nzothiazolyl ; furyl ; alkyl-substituted furyl ; furylalkyl ; pyridyl ; alkyipyri- 
dyl ; alkyloxazolyl ; tetrahydrofuryialkyl ; 3-cyano, thienyl ; afkyl-substituted thienyl ; 
4,5-polyalkyI ne-thienyl ; a-haloalkytacetamidoph nylalkyl ; a-haloalkyiacetamidonitrophenylalkyl ; a- 



332 



EP 0 436 483 A2 



haloalkylacetamidohalophenylalky! ; cyanoalkenyl ; 

R 1t and R 12 when taken together can form a structur consisting of piperidinyt ; alkylpiperidinyl ; pyridyi ; 
di- or tetrahydropyridinyl ; alkyltetrahydropyridyl ; morpholyl ; alkylmorphoiyl ; azabicydononyl ; diazacyc- 
loalkanyl, benzoalkyl pyrrol idinyl ; oxazolidinyl ; perhydrooxazolidinyl ; alkyloxazolidyl ; furyloxazol idinyl, 
thienyloxazolidinyl, pyridyloxazoiidinyl, pyrimidinyioxazolidinyl, benzooxazdidinyl, C3.7 spirocydoal- 
kyloxazolidinyl, alkylaminoalkenyl ; alkylideneimino ; pyrrolidinyi ; piperidonyl ; perhydroazepinyl ; perhyd- 
roazocinyl ; pyrazoiyl ; dihydropyrazoiyl ; piperazinyl ; perhydro-1,4-diazepinyl ; qulnolinyl, isoquindinyl ; 
di-, tetra- and perhydroqulnolyl- or -isoquindyl ; indolyl and di- and perhydroindolyl and said combined Rn 
and R 12 members substituted with those independent Rn and R 12 radicals enumerated above ; 
or 

(ii) one of the following compounds 

a-[(Cyanomethoxy)imino]benzeneacetonitrile, 
a-[(1,3-Dioxopyran-2-yt-methoxy)-imino]-benzeneacetonitrile, 
5-Thiazolecarboxylic acid, 2-chloro-4-trffluoromethyl, benzyl ester. 

Benzenemethamine, N-[4-(dichloromethylene]-1 ,3-ditholaiv2-ylidene]-a-methyl, hydrochloride, 

Diphenylmethoxy acetic acid, methyl ester, 1,8-Naphthalic anhydride, 4,6-Dichloro-2-phenyl-pyrimi- 

dine. 2-Chloro-N-[1 -(2,4,6-trimethylphenyl)-ethenyl]acetamide, 

Ethylene glycol acetal of 1,1-dichloroacetone ; 
provided that when the Compound of Formula I is imazaquin, the antidotal compound is other than 1,8-na- 
phthalic anhydride, oxabetrinil, flurazole or N,N-diallyl dichloroacetamide and when the Compound of For- 
mula I is imazethapyr, the antidotal compound is other than 1,8-naphthalic anhydride. 

39. Method according to Claim 38 wherein said co-herbicide is an acetanilfde of the formula 




IV (Re^ 



wherein 

R e is hydrogen, C,_e alkyl, haloalkyl, alkoxy or alkoxyalkyl, alkenyl, haloalkenyl, alkynyl or haloalkynyl hav- 
ing up to 6 carbon atoms, Cs_ 10 heterocydyl or heterocyclylmethyl having O, S and/or N atoms and which 
may be substituted with halogen. C^ alkyl, carbonylalkyl or carbonylalkoxyalkyl, nitro, amino or cyano 
groups ; 

R e is hydrogen, halogen, nitro, amino, C^ alkyl, alkoxy or alkoxyalkyl, and 
i is 0-5. 

40. Method according to Claim 39 wherein said compound of Formula I is imazaquin, imazethapyr, Imazapyr, 
AC-263222 or AC-222293. 

41. Method according to Claim 40 wherein in said acetanflide compound of Formula IV, Re is an alkoxyalkyl 
or pyrazolalkyl group having up to 6 carbon atoms or a Cg^o heterocyclic radical containing O, S and/or N 
atoms and R9 is a C^ alkyl or alkoxy radical. 

42. Method according to Claim 41 wherein said compound is acetochlor. alachlor. butachlor, metolachlor or 
metazachlor. 

43. Method according to Claim 42 wherein said antidotal compound Is one of the following compounds : 

a-[(Cyanometh xy)imin ]benzeneacetonitrile, 
a-[(1,3-Diox pyran-2-yl-meth xy)imino]b nzen acetonitril , 
5-Thiazolecarboxylic add, 2-chloro-4-trifluoromethyl, benzyl ester, 

Benzenemethamine, N-{4-(dIchloromethylene]-1,3-dithiolan-2-yliden J-a-methyl, hydrochl ride, 
Diphenylm thoxy acetic acid, methyl ester, 1,8-Naphthalic anhydride, 
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4,6-Dich!oro-2-phenyl-pyrirnidine, 
2-Ch!oro-N-[1-(2,4 f 6-trimethylphenyl)-ethenyl]acetamide f 
Ethyl n glycol acetal of 1,1 -dichloroacetone. 

44. Method according to Claim 42 wherein said antidotal compound is one of the following compounds : 

4-(Dichtoroacetyl)3,4^ihydro^ 

Ethanone, 2,2-dichloro-1-<1 t 2 t 3,4-tetrahydro-1-methyk2-isoquinolinyl)- > 
Cis/trans-piperazine, 1 ,4-bis(dichloroacetyl)-2,6-dimethyl- f 
N^Dichloroacetyl)-1,2,3,4-tetrahydroquinaIdine, 
1 ,5-Diazacyciononane, 1 ,5-bis(dichloroacetyl, 
1-Azaspiro[4,4]nonane, 1-dichloroacetyl). 

45. Method according to Claim 42 wherein said antidotal compound is N,N-diallyt-dichloroacetamide, N-(2-pro- 
penyl)-N-(1 ,3-dioxolan-2-yl-methyl)dichloroacetamide or 1 ,3-oxazolidine dichloroacetamide of the formula 



III 




Rl4 R15 



wherein 

R 13 is hydrogen, alkyl, alkylol, haloalkyl or alkoxy, Q^e alkoxyalkyl, phenyl or a saturated orunsatu- 
rated heterocyclic radical having Cs_ 10 ring atoms and containing O, S and/or N atoms, and 
R 14 and R 15 are independently hydrogen, C^ alkyl or haloalkyl, phenyl or a heterocyclic R4 member 
or together with the carbon atom to which they are attached may form a C^Cj spirocycloalkyl group. 

46. Method according to Claim 45 wherein said antidotal compound is one of the following compounds : 

Oxazolidine, S^dlchloroacetyl^^.S-trimethyl-, 
Oxazolidine, a^dichloroacetyl^^-spirocyclohexyl-, 
Oxazolidine, 3-(dichloroacetyl)-2 f 2-dimethyi-5-phenyl-, 
Oxazolidine, S-tdichloroacetyl^^-dimethyl-^-furanyl)-, 
Oxazolidine, 3Kdichloroacetyl)-2,2-dimethyl-5-(2-th»enylK 
Pyridine, 3-f3-(dichloroacetyl)-2 ( 2-dimethyl-5-oxazolidinyl]-. 

47. Method according to any of Claims 38-45 or 46 wherein said crop plant is corn. 

48. Composition comprising imazaquin, imazethapyr, imazapyr, AC-263222 or AC-222293 and AD-67. and 
optionally containing alachlor, acetochlor or metolachlor. 

49. Composition comprising imazaquin, imazethapyr, imazapyr, AC-263222 or AC-222293 and oxazolidine, 
3-{dichloroacetyl)-2,2-dimethyl-(5-(2-furanylKand optionally containing alachlor, acetochlor or 
metalochlor. 
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